WORLD INTELLECTUAL FROfElTY OROANtZATTON 



per 



INTERNATIONAL APPUCATION RJBUSHED UNDER THE PATENT COOraRATION TREATS (PCI) 




(51) Utcnttlottl PUcst OftMiaatiM 4 2 
CUP 21/00, C07K15A4 



Al 



ai) IntenilSottl Psblkitfao Nanbtr: 



WO 87/ 05330 



(O) IitttwtionI PtabUciiloo Date: 



1 1 September 1987 (1 



(21}IattnttkMlAp0ksttaftakcR VCT/VSU/OWS 
(ZZ)lBtctBttkMlFab«Dtt»: 7 Mtrdi 1986 (P7jQUQ 

(nXT^Ap^tctttBttdliffiteit: BEROH, Michd. Lrak. 
£o<ese nhOA^^ Aldenqr Street. S<aBcnra^MA 
02143 QiS). HUBBARD, Othecliie^ S. (USA]S|: 29 
Htmon Street, ^vtetent 2, SomerviUe. HA 02143 
(USX RASMUSSBN. J«mes, R. [US/USl; 246 VtOe/ 
lUid, Ithaca Jfir 14850 (l^ 

(74) Amts: PABST. Puiea, I.: Kenwiy ft Jesmqr. 60 Sttte 
Stmt, BoAoa. MA 02109 (US) ct at 

(81) D«i(psted Slatct: ATrEmopean ptteat). AI^BE (Eo- 
ropetn pttem), CH(Eaiopean pateotX DE(E!uopeta 
patent), DK, FI, FR European |Mtem), OB (Earo- 
pean patenQ, HU. IT.^oropeaa pateat). JP, Kit, LU 
(Europeaa patenO. MC, NL (European patcntX NO. 
RO, SE (European patesOtSU. 



PoMkM 

With (attntttiioncl ttoteh ftpotL 



(5<)TItlt: METHOD FOR ENHANCINO GLYCOPROTEIN STABimY 



(57) Abstract 

A method for modiQy- 
Ing eulcaryotic and prolcatyot- 
ic piTKdns to extend thdr tn 
fivo drculatoxy Efetimet. in 
die pre fer rtti embodimfiit, 
ea^rnutic kiA/qt e^tm\t^\ 
treatments are used to |m>- 
dsoe a modified protein ear- 
lying oiM or more oovalentty 
ttttched txisaccharide; sialic 
acid- > plactose- > N-ao»- 
Qri8lacosaffline-> 
>Oal->QleNAo->X or te^ 
rasacdiarlde (SA«*>aal~ 

><HcNAo-><HcNAo- 
>)moietiei. The mediod can 
be an>Ued to any natural or 
rrcornbinant protein pocscss- 
faxg aspaiagii^-Ettked oOfos- 
aochaitdes or to any noa-gly- 
eoqrtated pnKein that can be 
diemically or enzymscdcaUy 
duivitixed with tbt MpjptcpA* 
ate carbohydrate units. FbUowingiiv^ction into an animal, (he modH^ 
ciMe by odls of fim and reticnlo-endotheiial vyttem ii^iich rocQi^ and rap^ 

with cait^ohydxate contafnfng tetsdnal OaL QlcN Ac, focose ct mai&xose redduea. The method can also be used to 
antigenic dnmnhitTm on foreign imrtcins which would «herwiie laoduoe an Immune renxose or to "target" a protein 
for recognidon bsr sugar-tpecific cen surfSue reoeptoa. 
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gnwD FOR Bgmciiis CLTcowannM stabilitt 

BAOCGROUHD OF THE IlfVEIinOli 

The United States Sovemaent has certain rights in this invention 
by virtue of National Institutes of Health grants Mo. CA26712, 
3(31318. and CA14Q51. 

Glycoproteins, proteins with covalently bound sugars, are found in 
plants, aniMls, insects, and even oany unicellular eukaryotes such as 
yeast. They occur within cells in both solt*le and (wrabrane-bound 
fonas. in the intercellular Mtrtx, and in extracellular fluids. Ttm 
carbohydratfl »1eties of these glycoproteins can participate directly 
in the biological activity of the glycoproteins in a variety of ways: 
protection froa proteolytic degradation, stabilization of protein 
confonnation, and mediation of inter- and intracellular recognition. 
Examples of glycoproteins Include enzyws, senai proteins such as 
iraaunoglobullns and blood clotting factors, cell surface receptors for 
growth factors -and Infectious agents, horrones, toxins, lectins and 
structural proteins. 

Natural and recca^inant proteins are being used as therapeutic 
agents in hwians and animals. In many cases a therapeutic protein 
will be most efficacious if it has an appreciable circulatory life- 
time. At least four general mechanisms can contribute to a shortened 
circulatory lifetime for an exogenous protein: proteolytic degrada- 
tion, clearance by the itsmrm system if the protein is antigenic or 
immunogenic, clearance by cells of the liver or reticulo-endothelial 
$ystm ttiat recognize specific exposed sugar units on a glycoprotein, 
and clearance through the glomerular basement me!d)rane of the tcidney 
if the protein is of low molecular weight. The oligosaccharides of a 
glycoprotein can exert a strong effect on tte first three of these 
clearance mechanisms. 

The oligosaccharide chains of glycoproteins are attached to the 
polypeptide backbora by either N- or &-g1ycosid1c linkages. In tt^ 
case of N*l inked glycans, there is an amide bond connecting the 
anouric carbon (C-1) of a reducing-tenaliul N-acetylglucos^ine 
(GlcNAc) residue of the oligosacchaHde and a nitrogen of an aspara* • 
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glne (AW) residue of the polypeptide. In aninal cells. Clinked 
fllycans are attached via a glycosidic bond bet«en H-aceVlgalactos- 
SBlne (6alllAc). galactose (Sal), or xylose and one of several hyoro^yr- 
aaino acids, wst coawnly serine (Ser) or threonine (ThrJ. but also 
Kyd««vprollne or lydrojvlysine in soee cases. The O-linked glycans 
in the yeast Sacc-haraayces cerevlsiae are also attached to seHne or 
threonine residues, but. unlike the glycans of animals, they consist 
of one to several o-linked -annose (Han) residues. Mannose residues 
have not been found in the O-linked oligosaccharides of anioal cells. 

The biosynthetic pathways of H- and O-linked oligosaccharides are 
quite different. O-Llnked glycan synthesis is relatively simple, 
consisting of a step-by-step transfer of single sugar residues from 
nucleotide sugars by a seHes of specific glycosyl transferases. The 
nucleotide sugars which function as the monosaccharide donors are 
urtdine-dlphospho-SalMAc (UOP-SalHAc). UDP-SlcMAc. lH)P-6al. guanidine- 
diphospho-fucose (60P-Fuc). and cytidine-monophospho-siallc add 
(CHP-SA). M-Linked oligosaccharide synthesis, which is ouch more 
coiqilex, is described below. 

The initial steps in the biosynthesis of H-1 inked glycans have 
been preserved with little change through evolution from the level of 
unicellular eukaryotes such as yeast to higher plants and man. For 
all of these organisms, initiation of H-linked olIgosacchaHde assem- 
bly does not occur directly on the Asn residues of the protein, but 
rather Involves preasseably of a lipid-linked precursor oligosaccha- 
ride which is then transferred to the protein during or very soon 
after its translation from mRHA. This precursor oligosaccharide, 
which has the composition SlCgHangGlcHACg and the structure shown In 
Fig. lA, is synthesized while attached via a pyrophosphate bHdge to a 
polyisoprenoid carrier lipid, a dolichol. This assembly is a complex 
process Involving at least six distinct membrane-bound glycosyl trans- 
ferases. Some of these enzymes transfer monosacdiarides from nucleo- 
tide sugars, while others utilize dolichol -linked monosaccharides as 
sugar donors. After assembly of the lipid-linked precursor is 
complete, another membrane-bound enzyme transfers it to sterically 
accessible Asn residues which occur as part of the sequence -Asn-X- 
Ser/Thr-. The requtr«ent for steric accessibility is presiaiably 
responsible for the observation that denaturation is usually required 
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f or in vUro transfer of precursor oligosaccharide to exogenous 

""^^J^osylated Asn residues of newly-synthesized glycoproteins 
transiently cany only one type of oligosaccharide. GlCjMangGlcHACg. 
Modification, or -processing." of this structure generates the great 
diversity of structures found on Mture glycoproteins, and it is the 
variation in the type or extent of this processing »*ich accounts for 
the Observation that different cell types often glycosylate even the 

same polypeptide differently. ^ . »^ 

The processing of M-linked oligosaccharides is accomplished by the 
sequential action of a number of Mnbrane-bound enzytaes and begins 
ioaediately after transfer of the precursor oligosacchaHde SlCjHang- 
GlcHAc, to the protein. In broad terns. N-linked oligosaccharide 
processing can be divided into three stages: removal of the three 
glucose residues, removal of a variable number of mannose residues, 
and addition of various sugar residues to the resulting trimmed 
•core.- i.e.. the Kan-GlcMAc- portion of the original oligosacchaHde 
closest to the polypeptide backbone. A simplified outline of tne 
processing pathway is shown in Fig. 2. 

Like the assembly of the precursor oligosaccharide, the removal of 
the glucose residues In the first stage of processing has been pre- 
served through evolution. In yeast and in vertebrates, all three 
glucose residues are trinmed to generate N-linked HanjGlcMACg. Pro- 
cessing sometimes stops with this structure, but usually it continues 
to the second stage with removal of mannose residues. Here the 
pathway for yeast diverges from that in vertebrate cells. 

As shown in Fig. IB. four of tne mannose residues of the 
HangGlcHAc, wiety are bound by ol->2 linkages. By convention the 
arrow points toward the rtducing terminus of an oligosaccharide, or In 
this case, toward the protein-bound end of the glycan; a or B indicate 
the anomeHc configuration of the glycosidic bond; and the two numbers 
indicate which carbon atoms on each monosacchartde are involved in the 
bond. The four el~>2-l inked mannose residues can be removed by 
Hannosidase I to generate K-llnked Mang^GlcMACg. all of which are 
consonly found on vertebrate glycoproteins. Oligosaccharides with the 
composition Mane gGlcMACj «« said to be of the -highnaannose" type- 
As shown in Fig. 2. protein-linked ManjGlcllAcj (Structure M-c) can 
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serve «$ « substrate for GlcMAc transferase I, which transfers a 
Bi-->2-linked GlcMAc residue from UDP-SlcHAc to the al~>3-11nice<I 
oannose nsidui to fonn GlcKAcManjGlcHACj (Structure K-d). Hamiosf- 
dase II can then complete the tHaaing phase of the processing pathway 
tty removing tw mannose residues to generate a protein-linked oligo- 
saccharide with the composition GlcNAcManjGlcHACg (Structure M-e). 
This structure is a substrate for GlclMc transferase II. which can 
transfer a Bl->2-l inked GlcHAc residue to the ol->6-l inked mannose 

residue (not shown). 

It is at this stage that the true complexity of the processing 
pathway begins to unfold. Simply stated, monosaccharides are sequen- 
tially added to the growing oligosaccharide chain by a series of 
nwabrane-bound Golgi glycosyl transferases, each of which is highly 
specific with respect to the acceptor oligosaccharide, the donor 
sugar, and the type of linkage fomed between the sugars. Each type 
of cell has an extensive but discrete set of these glycosyl trans- 
ferases. These can include at least four more distinct GlcNAc 
transferases (producing Bl->3. Bl->4. or Bl->6 lU.kages); three 
galactosyl transferases (producing Bl~>4. Bl->3. and ol->3 link- 
ages): two sialyl transferases (one producing o2— >3 and another, 
e2— >6 linkages): three fucosyl transferases (producing al— >2. cd— >3. 
b1~>4 or ol->6 linkages): and a growing list of other enzymes 
responsible for a vaHety of unusual linkages. The cooperative action 
of these glycosyl transferases produces a diverse family of structures 
collectively referred to as "complex" oligosaccharides. These may 
contain two (for example. Structure H-f in Fig. 2). three (for 
example. Fig. IC or Structuro H-g In Fig. 2), or four outer branches 
attached to the invariant coro pentasaccharide. ManjGlcHACg. These 
structures are referred to in tenns of the nuaber of their outer 
branches: biantennaiy (two branches). tHantennaiy (three branches) or 
tetraantennary (four branches). The size of these complex glycans 
vaHes from a hexasaccharlde (on rhodopsin) to very large polylactos- 
winylglycans, which contain one or more outer- branches with ropeating 
(GalBl~>4GlcllAc81— >3) units (on several cell surface glycoproteins 
such as the erythrocyte glycoprotein Band 3 and the macrophage antigen 
Mac-2). Despite this diversity, the specificities of the glycosyl- 
transferases do produce some frequently recurring structuros. For 
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exa8q)1e» tl» outer branches of aany coaplex H-1 inked oligosaccharides 
consist of all or part of tte sequence 

SAa2-->3 ( 6 } 6a1 Bl— >4ei cHAcSl • 
One or two of these trisaccharide awieties my be attached to each of 
the Uo o-linked nannose residues of the core pentasaccharide, as in 
Structures M-f and M-g of Fig. 2. 

Unlike transcription of WIA or translation of laRRA, which are 
highly reproducible events, oligosaccharide biosynthesis does not take 
place on a template. As a consequence, considerable heterogeneity is 
usually observed In the oligosaccharide structures of every glycopro- 
tein. The differences are cost coawonly due to vaHations in the 
extent of processing. The single glycosylation site of the chicken 
egg glycoprotein ovalbiaain, for example, contains a structurally 
related ■family" of at least 18 different oligosaccharides, the great 
majority of which are of the high-nannose or related "hybrid" type 
(for example. Structure H-h in Fig. 2). Many glycoproteins contain 
multiple glycosylated Asn residues, and each of these mny carry a 
distinct family of oligosaccnarides. For example, one site m^y carry 
predominantly high-mannose glycans, another may carry mostly fucosy- 
lated biantennary canplex chains, and a third may carry fucose-free 
tri- and tetraantennary complex structures. Again, all of these 
glycans will contain the invariant ManjGlcMACg core. 

As discussed above, the Initial stages of H-linked oligosaccharide 
synthesis in the yeast SaccharoB^es cerevisiae closely resea^le those 
occurring in vertebrate cells. As in higher organisms, lipid-llnked 
GlCjMan^GlcNACj is ass«*led, its oligosaccharide chain transferred to 
acceptor Asn residues of proteins, and its three glucose res.idues are 
removed soon after transfer. Yeast cells can remove only a single 
mannose residue, however, so that the smallest and least-processed 
N-1 inked glycans have the coBq)osition Hang^gGlcHAcj. Processing can 
stop at this stage or continue with the addition of as many as 50 or 
more o-l inked mannose residues to HangGlcHACj (Fig- 2, Structure Y-c) 
to generate a mannan (for example. Structure Y-d). Just as glycopro- 
teins in mammal Ian cells m^y have predominantly high-mannose oligosac- 
charides at one glycosylated Asn residue and highly processed complex 
glycans at another, yeast glycoproteins such a$ external invertase 
cofBBonly have some glycosylation sites with Mang^gGlcMACg chains. 
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while otter sites carry narmans. 

Unlike ei*aryot1c cells, bacteria lack the en^tlc nachlnery to 
assemble 1 1 pi d-1 inked GlCjHan^SlcRACj or transfer it to proteins. 
Thus, although proteins syntiicsiied in E. coli^ contain rany -Asn-X- 
Ser/Tbr- seipwrn^s, tJ^ are not glycosylated. 

FroB the foregoirg discussion. It is apparent that the glycosy 
lation status of a glycoprotein will depend on the cell in which it is 
produced. The glycans of a protein «ynthesired in cultured aiaaaaalian 
cells will res«^le those of the saw protein isolated frm a natural 
animal source si«:h as a tissue but are unlikely to be identical. Pro- 
teins glycosylated by yeast contain high-mannose oligosaccharides and 
mannans, and proteins synthesized in a bacterium such as E. coH will 
not be glycosylated because the necessary wzyms are absent. 

Tte precise ct^osition and structure of the caroohydrate chain{s) 
on a glycoprotein can directly influence its senra lifetiM, since 
cells in the liver and reticulo-endothelial systwi can bind and inter- 
nalire circulating glycoproteins with specific carbohydrates. Hepato- 
cytes have receptors on their surfaces that recognize oligosaccharioe 
chains with tenninal (I.e., at the outermost end(s) of glycans rela- 
tive to the polypeptide) Sal residues, macrophages contain receptors 
for terminal Man or GlcMAc residues, and hepatocytes and lymphocytes 
have receptors for exposed fucose residues. No sialic acid-specific 
receptors have been found, hwever. Although semwhat dependent on 
the spatial arrangcwnt of the oligosaccharides, as a general rule, 
the greater the nmttr of exiwsed sugar residues recognized by cell 
surface receptors in the liver and reticulo-endothelial syst^, the 
TOre rapidly a glycoprotein will be cleared froa tne sen®. Because 
of tte absence of sialic acid-specific receotors. however, oligosac- 
charides with all branches terminated, or "capped,* with sialic acid 
will not promote the clearance of the protein to which they are 
attached. 

The presence and nature of the oligosaccharide chain(s) on a 
glycoprotein can also affect Important blwhemlcal properties in 
addition to its recognition hy sugar-specific receptors on liver and 
reticulo-endothelial cells. Removal of the carbohydrate from a 
glycoprotein will usually decrease its solubility, and it may also 
Increase its susceptibility to proteolytic degradation by destabi- 
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Mzing tht correct polypeptide folding pattern and/or uraiasking 
protease-sensitive sites. For similar reasons, the glycosylation 
status of a protein can affect its recognition by the iosune system. 

It is therefore an objective of the present invention to provide a 
method for wdifying oligosaccharide chains of glycoproteins isolated 
from natural sources or produced frtwi recwibinant DMA in yeast, 
insect, plant or vertebrate cells in a Eanimr that increases senaa 
lifetime or targets the protein to specific cell typ«s. 

It is another objective of the invention to provide an in vitro 
method for glycosylating proteins prodi^ed from bacterial, yeast, 
plant, viral or animal OHA in a manner that enhances stability and 
effective biological activity. 

• It is a further objective of tte invention to provide a r^thod for 
glycosylation of proteins or edification of oligosaccharide chains on 
glycoproteins which is efficient, reproducible and cost-effective. 
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A eethod for modifying eidcaryotlc and prokaryotic proteins to 
extend ttelr lin vivo circulatory lifetimes or to control their site of 
cellular uptake in the bo4y. In preferred embodiments, enzymatic 
and/or chemical treatronts are used to produce a modified protein 
carrying one or more covalently attached tri saccharide 
SAa2*o6(3 )6al 81— >4(3 )61 cMAc— > 

or tetrasaccharide 

>6 (3 )6al Bl**>4 (3 )61 cHAcBl-->4Gl cNAc*«> 
Ba>1et1es. In alternative embodiownts, one or two GlcNAc residues 
bound to the protein are used as a basis for construction of other 
oligosaccharides by elongation with the appropriate glycosyl transfer- 
ases. The rothod can be applied to any natural or recoo^lnant protein 
possessing Asn-1 inked oligosaccharides or to any non-glycosylated pro- 
tein that can be chemically or enzynatically derlvatized with the 
appropriate carbohydrate residues. 

Getieratlcm of gljrcoproteins containing Asiwl Inked SA~>6al~>61cMAc— > 
The preferred oligosaccharide modification scheme consists of the 
follxwlng steps irtierein all but the As n-1 Inked filcMAc of the N-linked 
oligosaccharide chains are enzymatlcally or chemically removed from 
the protein and a tri saccharide constructed in its place: 

Step 1 . Generation of SI cHAc—>Asn (protein ) , The initial step is 
cleavage of the glycosldic bond connecting tne two innermost core 
GlcUAc residues of some or all K-1 inked oligosaccharide chains of a 
glycoprotein with an appropriate endo-B-K-acetylglucosaminidase such 
as Endo H or Endo F. Endo H cleaves the h1gh*mannose and hybrid 
oligosaccharide chains of glycoproteins produced in eukar^otic cells 
as well as tt» sannans produced in yeast such as Saccharomyces cere* 
vislae, removing all but a single GlcMAc residue attached to each 
glycosylated Asn residue of the polypeptide backbone. Endo f can 
cleave both high-mannose and biantennary complex chains of N-1 Inked 
oligosaccharides, again leaving a single 61cMAc residue attached at 
each glycosylation site. If a given glycoprotein contains complex 
oligosacchartdes such as tH- or tetraantennary chains which are 
inefficiently cleaved by known endoglycosidases, these chains can be 
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trfBSsed vfth exoglycosfdases such as s1a11das«» 0- and a-ga1actos1* 
dase» o^fucosldase and B^texosanlnidase. The Innermost GlcHAc residue 
of the resulting core can be then be exposed by any of several proce- 
dures. One pn^edure Is digestion with Endo F or other endo-B-N- 
acetyl glucos^lnldases such as Endo 0. A second procedure Is diges- 
tion with a-unnosldase followed ky digestion with either Endo L or 
with 0«iiannos1dase and S-hexosaolnldase. 

Alternatively, glycoproteins nonaally bearing complex Asn-llnked 
oligosaccharides can be produced In oanallan cell culture In the 
presence of a processing Inhibitor such as swalnsonlne or deo^ymanno- 
Jlrloycln. The resulting glycoprotein will bear hybrid or high- 
aannose chains susceptible to cleavage by Endo H, thereby eliminating 
the need for an Initial treatment of the glycoprotein with exoglyco- 
sldases. In a related variation, the glycoprotein may be produced In 
a mutant cell line that Is Incapable of synthesizing complex N-1 Inked 
chains resistant to endoglycosldases such as Endo H or Endo F. 

All sugars other than the K-1 Inked GlcflAc residues may also be 
removed chealcally rather than enzyniatlcally by treatment with 
trlfluoromthanesulfonlc acid or hydrofluoric acid. In general, 
chemical cleavage can be expected to be less useful than en:;ymat1c 
omthods because of the denaturing effects of the relatively harsh 
conditions used. 

Step 2. Attachment of 6al to GlcHAc— >Asn( protein). The second 
step Is the eniyn»t1c addition of a Gal residue to the residual GlcNAc 
on the protein by the action of a galactosyl transferase. The pre- 
ferred galactosyl transferase Is a bovine milk enzyme which transfers 
Gal to GlcNAc In the presence of the sugar donor UDP-Gal to form a 
61— >4 linkage. In another variation, galactose can be added to the 
GlcHAc residue with a Bl— >3 linkage by the use of a galactosyl trans- 
ferase from a source such as pig trachea. 

Step 3. Attacpgnent of SA to Gal— >61cHAc—>Asn{ protein). The 
final step Is the enzymatic addition of a sialic acid residue to 
GalBl— >4{3)GlcHAc— >Asn(prote1n). This reaction can be carried out 
with an o2—>6-s1alyl transferase Isolated, for exaa^le, from bovine 
colostrum or rat liver, which transfers SA frm CMP-SA to form an 
a2— >6 linkage to the tenalnal galactose resldim of Gal81-*>4(3)- 
GlcHAc— >Asn(protetn). Alternatively, an e2—>3-s1alyl transferase may 
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be used to fore an a2— >3 linkage to each terminal Gal residue. 
Although the preferred sialic acid Is N-acetyl neuraminic acid (HeuAc), 
any naturally occurring or chenlcally synthesized sialic acid which 
the sialyl transferase can transfer from the CPM-SA derivative to 
galactose may be used, for exapmole. H-glycolyl neuraminic acid. 9-0- 
8cetyl*N-acetyl neur«1n1c acid, and 4-0-acety1 -M-acetyl neuraminic 
acid. 

GeneratlOT of glycoproteins containing Ain^llnked SA — >Sal— >- 
61cWc~>Clcmc~> 

In a second ca^odlMnt, the oligosaccharide chains of the glyco- 
protein, whether natural or produced In the presence of a processing 
Inhibitor or In a soitant cell line, are trimoed back to the two, 
rather than one. Innermost core GlcMAc residues by the use of approp- 
riate exoglycosldases. For example, o and B-mannosldase would be used 
to trim a high-mannose oligosaccharide. The product of this treat- 
ment, GlcttAcdl— >461cNAc— >Asn(prote1n], Is then converted to the 
tetrasaccharlde . SAa2— >6(3)GalBl— >4(3)61cNAcBl— >4GlcNAc— >Asrw 
(proteln) by sequential treatment with galactosyl- and sialyl transfer- 
ases. 

Atta ct » en t of oligosaccharides to non^glycosylated amino acid residues 
of proteins. 

In a third e&bodlmnt, an oligosaccharide such as the tri sac- 
charide SA— >Gal— >GlcNAc— > or disaccharlde SA— >6al— > is attached 
at non-glycosylated amino acid residues of a protein expressed eltner 
In a eukaryfcotic system or In a bacterial systea. For example, to 
attach the tri saccharide SA— >6al— >61cHAc, the protein Is treated 
with a chemically reactive glycoside derivative of GlcHAc— >, Gal- 
— >GlcMAc— >, or SA— >6al— >61cMAc— >. In the first two cases, the 
mono- or disaccharlde Is then extended to the trisaccharlde by the 
appropriate glycostyltransferase(s). The Initial carbohydrate moieties 
can be attached to the protein by a chemical reaction between a suit- 
able amino acid and a glycoside derivative of the carbohydrate 
containing an appropriately activated chemical group. Depending on 
the activation group present In the glycoside, the carbohydrate will 
be attached to amino acids with free amino groups, carboxyl groups. 
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sulfhydryl groups, or hydroxy! groups or to aroMtlc aslrto acids. 

fieiieratlOT of ctter ollgosacdarfdes by e1wwt1<ffl of proteln-llrAgd 
Slctttc res1<toesv 

Variations of the disclosed procedures can be used to produce 

glycoproteins with oligosaccharides other than tte tri- or tetrasac- 

charldes described above. For ex^le. extended oligosaccharide 

chains consisting of 

SAfl2^>6{3)6alBl->4(GlcRAcai->36al81— >4) eicRAc--> 

n 

or 

SAa2-->6(3)SalBl-->4(GlcHAc81-->3Sal61-->4) eicNAcBl-->461cMAc.^^ 

n ■ 

whero n Is 1-10, can be constructed by subjecting a glycoprotein 
carrying one or two core GlcMAc residues to alteroate rounds of 81— >4 
gal actosyl transferase and 81— >3 M-acetyl gl ucosaisl nyl transferase 
troatments. The resulting extended oligosaccharide chain can be 
useful for Increasing solubility or sasking protease- sensitive or 
antigenic sites of the oolyoeptide. 

Many other useful oligosaccharide structures can be constructed by 
elongation of protein-linked mnosaccharictes or disaccharldes with the 
use of appropriate glycosyl transferases. An exsaple is the branched 
fucosylated tri saccharide 

Sal 81— >4 (Fucal->3 )G1 c«Ac— > . 
These and other structures could be useful in preferentially "tar- 
geting" a glycoprotein to a specific tissue known to contain receptors 
for a specific mono- or oligosaccharide. 
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BRIEF DESCRIPnON OF THE OMMIKS 



Ftg. 1 shouts th« structures of (A), the 11pid-1 Inked precursor 
oligosaccharide, GlcyCan^GlcMACj; (B), a high-eannose Asrwllnked 
oligosaccharide, NarigGlcMACj; and (C), a typical triantennary complex 
Asn-llnked oligosaccharide. The anomeric configurations and linkage 
positions of the sugar residues are Indicated, and dotted lines en* 
close the Invariant pentasaccharide core shared by all knwn eukary- 
otlc Asn^l Inked oligosaccharides. 

Ffg. 2 Is a simplified blosynthetic pathioy for Asn-1 Inked 
oligosaccharide biosynthesis In yeast and higher organisms. For 
c1ar1t;y, anomeric configurations and linkage positions are not shorn, 
but the arrangement of the braiKhes Is tne saam as In Fig. 1. 

Fig. 3 Is a Coomassle blue-stained gel prepared by sodium 
dodecylsulfate-polyacryl amide gel electrophoresis (SOS-PAGE) of yeast 
external Invertase before and after treatrcnt »r1th glycosldases. The 
acrylamlde concentration was 6X. (A) untreated Invertase; (B) Inver- 
tase after treatment with Endo H under norwdenazuring conditions; (C) 
Invertase after Endo H treatment under denaturing conditions (0.7S 
SOS); and (0) an allouot of a sample first treated with Endo H under 
non-denaturing conditions and subseouently treated with jack bean o- 
oannosldase. 

Fig. 4 Is a fluorogram of a 6S SOS-PAGE gel of samples of yeast 
external Invertase removed at Intervals (5 mln, 1 hr, 2 hr, 3 hr. 5 
hr, 9 hr and 19 hr) during galactosylatlon of Endo H-treated, SOS- 
denatured Invertase (Fig. 3B) with UDP-C^H]Sal and bovine milk 61— >4 
gal actosyl transferase . 

Fig. 5 shows the rate of Incor^ratlon of acld-preclpltable radio- 
activity Into Endo H- treated, SOS-denatured yeast external Invertase 
during treatment with U0P-[^H]6a1 and bovine milk SI— >4 galactosyl- 
transferase. 

Fig. 6 Is an autoradlogram of a 6S SOS-PAGE gel of various yeast 
external Invertase derivatives that have been slalylated using CMP- 
C^^CjMeuAc and bovine colostrum o2— >6 sialyl transferase. .(A) 
Sialyl atlon product derived from gal actosyl ated, Endo K-treated, SDS- 
denatured Invertase; (B) slalylation product derived from a galactosy- 
lated sample of Endo K- and Jack bean a-mannosidase-treated, non- 
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denatured 1nvert«$«; (c) sialyl atf on product derived frm untreated 
Invertase. 

FI9. 7 is a Coooassle blue-stained 6S S0S-PA6E gel of (A) untrea- 
ted bovine serua albuain (BSA); (B) BSA converted to 61cMAc-BSA 
containing approxloately 48 GlcHAc residues per oolecule of protein by 
Incubation »dth 2-1n1no-2-«ethoxyetlv1-l-th1o-M-acetylgluco$am1nide In 
0.25 H sodlua borate pN 8.5 for 24 hr at roooi tefflperature; (C) galac- 
tosyl ated BSA foraed by treatment of GlcMAc-BSA with UDP-C^H]Gal and 
bovine ollk Bl~>4 galactosyl transferase; and (0) sialylated BSA 
foiTOd by treatment of Gal~>61eNAc-BSA idth Cl«>-[^*C]MeuAc and bovine 
colostrua a2— >6 sialyl transferase. 

Fig. 8 is a graph of specific uptake (ng/2 x 10^ cells) of 
Gal->GlcHAc-C«5i]BSA (o) and G1cHAc-C"5i]bsa («) by the Kan/GlcNAc 
receptor of thloglycollate-elicited mouse peritoneal macrophages as a 
function of the concentration of glycosylated BSA (ug/ml), where 
specific uptake is equal to total uptake (uptake in the absence of 
mannan) minus non-specific uptake (value obtained in the presence of 
mannan} . 

' ^* ? '•""P'' specific uptake (ng/mg cellular protein) of 
Gal->Glc»IAc["5i]BSA (■) and «euAc~>Gal~>GlcNAc-["5nESA f.) by 
the Gal/GalMAc receptor of HepG2 cells vs. protein concentration (0.5 
to 7.5 vg protein/ml), where specific uptake is equal to total uptake 
(uptake In -the absence of asialo-orosomucoid) minus non-specific 
uptake (value obtained in the presence of asialo-orosomucoid). 

Fig. 10 Analysis of C^H]Gal->GlclIAc-RNase by fast orotein liquid 

chromatography (FPLC) on a Hono S column before (O o ) and after 

' sialyl atlon with CHP-MeuAc and rat liver a2~>6 sialyl trans- 
ferase, where the column was eluted with a linear gradient as des- 
cribed beloM. 
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The |>resent invention is a nethod for codifying proteins wherein 
oligosaccharide chains are bound to tfm protein to enhance In vivo 
stability or to target the protein to cells taving specific receptors 
for an exposed saccharide In the attached oligosaccharide chaln(s). 
The mthod luis two principal e^odlsents. The first Is to cleave the 
existing Asn-llnked oligosaccharide chains on a glycoprotein to leave 
one or two 61cMAc residues attached to the protein at Asn and then 
en^ymatlcally extend the terminal GlcNAc to attach 6al and SA. The 
second Is to ch^lcally or en^ymatlcally attach a GlcHAc or Gal resi- 
due to the protein at any of a nmber of different mino acids and 
then enzyoatlcally extend the tenolnal GlcHAc or Gal to form an oligo- 
saccharide chain capped with sialic acid. There are a number of 
variations of the methods and enzymes used at each step of the 
TOtht^, depending on the substrate and desired oligosaccharide struc- 
ture. 

A. Geroratlon of glycoproteins containing SA— >€al~>61dlAc— >Asn- 
(protein) 

Step 1, Generation of 61c«Ac*»>Asn(prote1n). There are several 
methods for preparing glycoproteins containing a single GlcMAc residue 
attached to glycosylated asparaglne residues. Six methods are as 
follows. 

*• Cleavage by Endo H. To generate eicMAc—>Asn{ protein) en^a- 
tlcally on glycoproteins having one or more oligosaccharides of the 
hlgh-mannose or mannan type, the glycoprotein Is incubated with an 
endo-B-N-acetylglucosam1n1dase capable of cleaving these oligosaccha- 
ride structures. The enzyme hydrolyzes the Dond between the two core 
GlcMAc residues of susceptible N-Hnked oligosaccharides, leaving 
behind a single GlcKAc residue attached to the glycosylated Asn resi- 
dues. The preferred enzyme for this purpose 1$ Endo H. which has been 
Isolated from Streptocyces pllcatus . The enzyme Is available either 
as the naturally occurring prorein or as the recombinant DHA product 
expressed in E^ colj^ or Streptgprces livldans . 

Endo H cleaves all susceptible oligosaccharide structures of 
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denatured glycoproteins and eany of those on native glycoproteins. 
However, In native glycoproteins the GICHAC2 cores of some high- 
fflannose glycans be protected froa cleavage by Endo H iut to steric 
factors such as f^lypeptlde folding. This can freqi^ntly be overcome 
by the use of one of several slid denaturing agents that promote par- 
tial polypeptide unfolding. Examples of %uch slid denaturants Include 
detergent such as Triton X-IOC, KP-40. octyl glucoslde, deoxycholate 
and dilute sodlua dodecyl sulfate; disulfide bond reducing agents such 
as dlthlothreltol and 0-mercaptoethano1 ; chaotropic agents such as 
urea, guanldlnlum hydrochloride and sodium Isothlocyanate; and low 
concentrations of organic solvents such as alcohols (mthanol, etha- 
nol, propanol or butanol), OHSO or acetone. Endo H Is a very stable 
enzyme, active over a pH range of about 5 to 6.5, In low- or high- 
Ionic strength buffers, and In the presence of the above-mentioned 
denaturing agents or protease Inhibitors such as phenylnmthanesulfonyl 
fluoride, EDTA, aprotlnin, leupeptlde and pepstatln. Protocols for 
the use of Endo H have been published by Tr1cd)le and Haley In Anal . 
Blochem. 141 , 515-522 (1984). The precise set of reaction conditions 
which will optimize the cleavage of oligosaccharides by Endo H while 
preserving biological activity will 6U)st likely vary depending on the 
glycoprotein being modified and can be determined routinely by someone 
of ordinary skill in this field. 

In situations where one or more Intact high-mannose glycans per- 
sist even after incubation under the most stringent Endo H reaction 
conditions Judged safe to use, exposed nannose residues can be trimmed 
away by the use of an o-mannosidase such as the commercially available 
a-mannosidase froa Jack bean. Wiile high-mannose oligosaccharides 
im>d1fied in this way will not serve as substrates for the further 
modification reactions described Mw, this treatment should reduce 
the possibility that mannose-specific receptors on macrophages or 
other cells might bind to residual high-mannose glycan(s) on the 
glycoprotein and cause its presature clearance from the circulation. 

As mentioned earlier, yeast glycoproteins sometimes contain 
0-1 Inked oligosaccharides consisting of one to four o-l inked mannose 
residues. Because these could bind to a mannose-specific receptor and 
shorten the serum lifetime of a glycoprotein, it is advisable to treat 
any protein found to contain such oligosaccharides with an o-mannosi- 
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dase such as the enzyrc from Jack bean. This would move all but the 
Innen^st, pro tefn-1 Inked nannose residue from the 0-11nked chains. 
Because o-eannosldase treatsent could Interfere with subsequent 
cleavage by Endo H or Endo C^j. ft should be performed after digestion 
with these enzyass. 

A cocaonn 0-1 Inked oligosaccharide In animal cells Is Gal— >GalNAc- 
— >S€r/Thr(prote1n). These glycans can be reomved with the enzyme 
endo-a-N-acetylga1acto$aa1n1daset which Is coosierclally available from 
GenxyiM Corp., Boston HA. Many other maiaaallan 0-1 Inked oligosaccha- 
rides can be converted to Gal— >6alMAc-*>Ser/Thr(prote1n) by treatment 
with exoglycosldases such as slalldase, B-hexosamlnlaase and o-fucosl- 
dase. The resulting prote1n»l Inked disaccharldes could then be 
remved frora the polypeptide with endo-o-M*ace^lga1actos8a1n1dase. 

b. Cleavage by other «Hio-^Mf'^cetylglucosaa1n1dases» Several 
other endo-6*K*acetylglucosaiDln1dases are also capable of cleaving 
between the two Innermost GlcNAc residues of various N-linked ollgo* 
saccharides. The oligosaccharide specificities of these enzymes very 
and are suamiarlzed In Table I. Two of these endoglycosldases, Endo 
Cjj and Endo can be used In place of Endo H to cleave high-mannose 
glycans. Unlike Endo H. hmrever, Endo F Is also active with blanten- 
nary complex K-1 Inked ollgosaccnarldes. Although the N-11nke£ 
oligosaccharides of vertebrates are not substrates for Endo D, this 
enzyme would be active with glycoproteins produced by Insect cells, 
which produce significant quantities of N-llnked Han^GlctlAcj In 
addition to high-mannose oligosaccharides « as reported by Ksleh and 
Robblns In J. Biol . Chem , 259 , 2375-82 (1984). In situations where 
the target glycoprotein contains multiple oligosaccharides sensitive 
to different endo-B-N-acetylglucosam1n1da$es, the glycoprotein can be 
Incubated with the enzymes either sequentially or in cwnbi nation to 
maximize cleavage. 

c. Cleavage by Endo H after Inccbatlcffl of cultured cells with 
oligosaccharide processing inhibitors . Mammalian cells often syntne- 
size glycoproteins carrying oligosaccharides with structures that are 
resistant to all of the above-a»nt toned endo^B-N-acetylglucosarainl- 
dases, e.g., tri- or tetraantennary complex oligosaccharides. If such 
a glycoprotein is being produced In a cultured cell system. It is 
possible to block tte later stages of oligosaccharide processing by 
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adding oligosaccharide pressing inhibitors to the culture rediun. 
Two preferred prt^essing Inhibitors are deoxyMnnoJirinycin and swain- 
soniM. Cells treated with one of these Inhibitors will preferen- 
tially siynthesize H-1 inked oligosaccharides with Endo H-$ensitive 
structures. Deoj^nnojirioycin inhibits Mannosidase I, thereby 
billing further modification of high-aannose N-linked oligosaccha- 
rides. Swainsonine is a Mannosidase II inhibitor, blocking the 
reaoval of the two a-1 inked oannose residues on the ol—>6-l Inked 
sannose residue of the ManjGlcMACg core (i.e., conversion of structure 
K-d to structure M-e in Fig. 2). As a result, glycosylated Asn resi- 
dues which wuld normally carry Endo H-re$i stent conplex type glycans 
will carry Endo H-sensitive "hybrid" oligosaccharides instead. Swain- 
sonine and deo^annojirisorcin are both cooraercially available, for 
example froa Senzyme Corp., Boston MA, or Boehringer Mannheim, India- 
napolis IM . In most cases, the altered glycoproteins produced In the 
presence of deoxymannojirinycin or swainsonine will still be secreted 
in biologically active form. The use and properties of swainsonine 
and deojo^nnojirisycin. as well as those of other oligosaccnerlde 
processing inhibitors, have been reviewed by Schwartz and Datema, Adv. 
Carbohyd . Chem . Biochera . 40 , 287-379 (1982) and by Fuhrraann et 
Biochlm . Bioohys . Acta 825 , 95-110 (1985). 

Oligosaccharide processing inhibitors that block Slucosidases I or 
II, such as deoxynojirin^ycin or castanospenaine, which a»-e both 
available from Gen^yme Corp., Boston MA, will also generate Endo H- 
sensitive structures, but these inhibitors are less preferred because 
they sometimes block secretion. Many other oligosaccharide processing 
inhibitors, described in the two reviews cited in the previous oara- 
graph, will also serve the same purpose. 

d. Cleavage by ento-*B^*acetylglucosaginidases after production 
of a glycoprotein in a citant cell line . Another approach for mani- 
pulating the structures of the K-1 inked oligosaccharides of a glyco- 
protein is to express it in cells with one or more mutations in the 
oligosaccharide processing pathways. Such nartations are readily 
selected for in mramialian cells. A number of techniques have been 
used to generate processing outants, but selection for resistance or 
Jypersensitivity to one or more of a variety of lectins, as an Indi- 
cator of the preserve of a processing snrtation, has been one useful 
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approach. DMA coding for a glycoprotein(s) can be Introduced into 
such a wtant cell line using convwitlonal methods (e.g., transforma- 
tion with an expression vector containing the DHA). Alternatively, a 
Butant subline *dth defective processing can be selected from a line 
already capable of pn»iuc1ng a desired glycoprotein. 

Depending on the desired phenotype, any of a wide variety of 
nutant cell lines can be used. For exsq)1e, there are perfectly 
viable, fast-growing GlcMAc transferase I mutants of both CHO cells 
(an established Chinese hamster ovary cell line lor^ used for muta- 
tional studies and mammalian protein expression) and BMC-Zl cells (an 
established line of baby hamster kidney origin). Both CHO and BHK-21 
cells are available frxm the American Type Culture Collection, Rock- 
vllle HD. Because of the missing en^yro activity, the mutant cells 
are unable to synthesize any c<»q)lex or hybrid N-1 Inked ollgosac- 
ctiaHdes; glycosylated Asn residues which would normally carry sucn 
glycans carry MangGlcMAc^ Instead. Thus, glycosylated Asn residues 
cany only Mang^gSlcMACg, «11 structures which are sensitive to Enao 
H. Many other rajtant cell lines have also been characterized, exam- 
ples of which Include lines with various defects In fucosylatlon, a 
defect In galactosylatlon resulting In failure to extend the outer 
branches past the GlcNAc residues, an inability to add extra branches 
to produce tri- and tetraantennary complex oligosaccharides, and 
various defects In Ser/Thr-1 Inked glycan synthesis. The subject of 
processing-defective animal cell Mtants has been reviewed by Stanley, 
In T|w Biochemistry of Glycoproteins and Proteoglycans , edited by 
Lennarz, Plenum Press, Kew York, 1980. 

A series of yeast mutants with various defects In mannan synthesis 
has also been produced, as described by Ballou, In The Molecular 
Biology of Jbte Yeast Saccharoe^yces . edited by Strathem et al^.. Cold 
Spring Harbor Laboratory, 1982. Thus, It is possible to produce a 
glycoprotein in a sartant S. cerevlslae strain which cannot elongate 
high-aannose oligosaccharides Into large mannans. 

e* SequCTtfal exc^lycosidase digestion with or without si^se<pient 
cleavage by Emte L or Endo D. An alternative, but less preferred 
mthod for generating G1cNAc—>Asn( protein) In cases where the glyco- 
protein contains high-oannose or oannan-^pe oligosaccharides Is to 
rerove monosaccharide units by exoglycosldase digestion with or 
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without subsequent use of Endo L. The first step is digestion with an 
o-mannosidase to remove all a-1 inked cannose residues. In the case of 
sannans froo sooe yeast strains, it may be desirable to Include other 
cxoglycosidases or phosphatases if other sugars or phosphate residues 
are present in the outer portion of the lannan structure. In the 
second digestion step, the last oannose residue is renoved with a B- 
nannosidase. The product, Glc»IAc2—>Asn( protein), is then subjected 
to the third digestion step, **ich is carried out with B-hexoswiinl- 
dase. This tnzym reiwves the tenninal GlcMAc residue to generate 
GlcHAc— >A$n{protein); since the last GlcHAc is linked to the protein 
by an amide rather than a glycosidic bond, the hexosaminidase cannot 
remove the innerrost GlcMAc residue frm the asparagine. 

Alternatively, o-manno$idase treatment of high-mannose or mannan- 
type oligosaccharides can be followed by incubation with Endo L, which 
can be purified from Streptornyces pllcatus . This enzyme can cleave 
between the GlcNAc residues of HanBl— >4GlcHAcBl— >461cKAc. 

In the case of a glycoprotein containing complex or hybrld-type 
oligosaccharides, sequential (or, when the requirements of the eniymes 
make it possible, slimiltaneous) Incubation with the appropriate 
exoglycosidases, such as sialidase, B- and/or o-galactosldase, 6- 
hexosaminidase, and o-fucosidase", will trim the oligosaccharides back 
to ManjGlcMACj. This oligosaccharide can be cleaved by Endo 0 or Endo 
f. Alternatively, it can be treated with o-mannosidase to generate 
protein-linked HanBl-*>4GlcNAcBl— >4GlcNAc. This can be cleaved 
either with Endo L or with digestions with a-mannosldase, B-mannosl- 
dase, and B-hexosaminidase. 

Sialidase can be purified from a variety of sources. Including^. 
coll , Clostridtiffl perfringens . Vibrio cnolerae, and Arthrobacter 
urefaciens, and 1$ coaroercially available fron a number of sources 
such as Calbloch^Behring, San Diego CA, or S1^ Chraical Corp., St. 
Louis MO. B-Galactosidase can be purified from Aspergillus niger , C. 
perfringens . Jack bean, or other suitable sources and 1$ cwa^rcially 
available from Sigma Chemical Corp., St. Louis KO. a-6alactos1dase 
from £. coll or green coffee beans is available from Boehringer 
Mannheim, Indianapolis IH. B-Kexosaminidase can be purifed frm Jack 
bean, bovine liver or testis, or other suitable sources and Is also 
aanmercially available from Sigma Chaaical Corp.. St. Louis B- 
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Hannosldase has been purified fron the snail Achatina fuTica. as 
(tescHbed by Sugahara and Yamashiaa in Meth. Enzynol. 28. 769-772 
(1972). and fron hen oviduct, as described by Sukeno et al,. in tteth. 
Enortaol . ffl. 777-782 (1972). o-Hanno$ida$e fron Jack bean is pre- 
ferred and is conaerciany available froa Signa Chem. Corp.. St. Louis 
HO. Endo H, Endo D, and Endo F are coaaercially available fnai Gen- 
zyne Corp.. Boston MIV; from Mew England Nuclear, Boston MA; from Miles 
Scientific, Maperville IL; or froa Boehringer Mannheim, Indianapolis 
IH. Conditions for the use of these and the otter endo-B-M-acetylglu- 
cosaminidases Endo Cjj and Endo L are described in tne publications 

cited in Table I. 

f. Chemical rewval of all sugars excep t W-linked 61eMc. It is 
also possible to generate protein-linked GlcflAc chemically. For 
example, as described by Kalyan and Bahl in J. Biol. Chem. 258 . 67-74 
(1983), hydrolysis with trifluoromethane sulfonic acid (TFMS) has been 
used to remove all sugars except the N-1 inked GlcMAc residues while 
leaving the protein backbone intact. Similar results have been 
obtained using Ivdrofluortc acid, as described by Hort and Lamport in 
Anal. Biocnem. 82. 289-309 ( 1977) . 

Step 2. Attachment of galactose to ClcllAc— > Asn(protein). 

In Step 2, the terminal filcNAc restoue generated in Step 1 serves 
as a site for tne attachnent of galactose. Either of two galactosyl- 
transf erases may be used: UDP-Sal :GlcMAc-R Bl->4 galactosyl trans- 
ferase or U0P-6al :GlcMAc-R Bl~>3 galactosyl transferase. In tne first 
variation of this step, a Bl->*-linked galactose residue is added to 
SlcMAc->Asn(protein). U0P-6al :GlcHAc-R 61~>4 gal actosyl transferase 
can be obtained from a variety of sources, the most common and cost- 
effective one being bovine milk. IrayoB from this source is cwaaerci- 
ally available from Sigma Chem. Corp., St. Louis HO. The reaction 
conditions for using the bovine milk gal actosyl transferase to transfer 
galactose from UOP-Gal to GlcNAc~>A$n( protein) are similar to those 
described by Trayer and Hill in J. Biol. Chen . 246, 6666-75 (1971) for 
natural substrates. The preferred reaction pH is 6.0 to 6.5. Most 
buffers can be used with the exception of phosphate, which inhibits 
Miyzme activity, and a broad range of salt concentrations can be used. 
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It is preferable to have 5-20 i#f Hn*^ or Hg*^ present. Peptidase 
inhibitors $«ch as phenyl lathanesulfonyl fluoride, TPCK, aprotinln,, 
leupeptin. and pepstatin and exoglycosidase inhibitors such as galac- 
tono-l,4.1actone can be added without interfering with the activity of 
the galactosyl transferase. 

Since the renoval of the carbohydrate from the protein can cause 
solubility problems, it is soBetines necessary to use relatively high 
concentrations of a non-ionic detergent such as 2-31 Triton X-IOC. 
other suitable solubilizers such as OMSO. or denaturing agents such as 
2-3 M urea to keep the protein in solution. We have found that this 
does not interfere with the galactosylation step, the bovine sillc 
Bl— >4 galactosyl transferase apparently reaaining sufficiently active 
under these conditions. 

In the second variation of this step, a Bl—>3-l Inked galactose 
residue is transferred to GlcMAc~>Asn( protein). UOP-fialrGlcMAc-R 
Bl— >3 galactosyl transferase has been purified fran pig trachea. 
Conditions for the use of this enzy«e to transfer galactose from 
UDP-Sal to GlcMAc-R have been described by Sheares and Carlson in J. 
Biol . Chem . 258. 9893-98 (1983). 

Step 3. Attadwent of sialic acid to SalBl— >4f3)SlcHAc— >Asn- 
(protein) 

The terro "sialic acid" (SA) includes any naturally occurring or 
cheaically synthesized sialic acid or sialic acid derivative. The 
preferred naturally occurring sialic acid is K-acetyl neuraminic acid 
(NeuAc). As discussed by Schauer in Adv. Carb . Chem . Biochem . 40, 
131-234 (1982), other sialic acids can also be transferred frcm CMP-SA 
to galactose, for exaaq)le, H-glycolyl neuraminic acid, 9-C-acetyl 
neuraminic acid, and 4-0-acetyl-K-acetyl neuranihic acid. »teny 
other sialic acids such as those described in Sialic Acids ; Chemis- 
try . Hetabolisn and Function , edited by R. Schauer (SpHnger-Verlag, 
New York, (1982), are potential substrates. There are two variations 
of the TCthod for attaching sialic acid to the substrate generated in 
Steps 1 and 2, GalBl— >4(3)GlcHAc— >Asn(protein). 

In the first of tte tw variations, the sialic acid is attached to 
Sal Bl—>461cMAc—>A$n( protein) in an o2— >6 linkage. The CMP-SA:- 
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6al8l— >461c«Ac-R a2— >6 sialyl transferase used in this step can be 
ebtained froo a variety of sources, the Bore usual ones being bovine 
colostruD and rat liver. The rat liver enzyme has recently become 
comereially available from Gen^ Corp., Boston HA. 

The reaction conditions for using the bovine colostnn and rat 
liver o2-->6 sialyl transferases to transfer sialic acid from CHP-SA to 
Gal81-->461cMAc— >Asn(protein) are similar to those described by 
Paulson et al. in J. Biol- Ch«. 2K. 2356-62 (1977) for natural sub- 
strates, except that it nay be desirable to add additional emyax to 
accelerate the rate of the reaction. The preferred pH is 6.5-7.0. 
Although most buffers, with the exception of phosphate, can be em- 
ployed, preferred buffers are Tri$-«aleate or cacodylate. The en?yme 
Is functional in the presence of nild detergents such as MP-40 and 
Triton X-100: peptidase inhibitors such as phenyl methanesulfonyl fluo- 
ride, TPCK, aprotinin, leupeptin and pepstatin; and exoglycosidase 
inhibitors such as gelactono-l,4-lactone. 

In the second variation of this step, the sialic acid is attached 
to the GalBl— >4(3)GlcMAc— >Asn(prote1n) by an a2~>3 linkage. Two 
sialyl transferases producing this linkage have been described. The 
first, CMP-SA:6alBl~>461cHAc o2— >3 sialyl transferase, has been 
identified in human placenta by van den Eijnden and Schiphorst as 
described in J. Biol . Chem . 256, 3159-3162 (1981). This en^e, 
although not yet purified, can be purified using conventional methods. 
The second enjyme, CHP-SA:SalBl~>3(4)GlcHAc a2~>3 sialyl transferase, 
has been purified from rat liver by Welnstein et al_. as described In 
J. Biol . Chan . 257 . 13835-44 (1982). Tne rat liver ena^yme has a 
$0TC**at relaxed specificity end is able to transfer sialic acid from 
CMP-sialic acid to- the C-3 position of galactose in both SalBl— >4- 
OlcNAc and GalBl— >361cNAc sequences. Conditions for the use of the 
a2~>3 sialyl transferases are described in the two publications just 
dted. 



B. Hettwd for preparing glycoproteins containing SA— >6al— >- 
61 cHAc— >61 cMAe— >Asn(protein) 

The nethod used to generate SA— >6al— >61cHAc~>GlcMAc— >Asn- 



* 
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(protein) Is sloilar to the oethod tlescrlbed above for generating 
BOdlfled glycoproteins containing th« trisaccharide sequence 
SA— >Ga1— >61cMAc— >Asntprotein). In the preferred «d)odiaient, both 
core GlcHAc residues of the original »-linked oligosaccharide are left 
attached to the protein and a tetrasaccharide sequence. SA— >Sa1— >- 
eicNAc— >61cMAc— > is constricted en^ymatically. 

Step I. generation of 61cMte81^>4eicHto^>AsnfprotelD) 



The intact M-1 inked oligosaccharide chain 1$ treated with 
exoglycosidases selected to reaove all carbohydrate exterior to the 
two innermost GlcNAc residues. In tne case of hlgh-mannose or 
mannan-type oligosaccharides, o- and B-mannosidase are used. In the 
case of complex or hybrid-type oligosaccharides, additional exoglyco- 
sidases are required, the specific enzymes used depending on the 
structures of the carbohydrate chains being oradifled. In most cases, 
treatments with sialidase, B- and/or o-galactosidase, B-hexosamlnl- 
dase, and if necessary, a-fucosidase. are carried out in addition to 
treatment with a- and B-mannosldase. Tne B-hexosaminidase treatment 
is intended to remove GlcHAc residues only from the outer branches of 
the oligosaccharides, not from the core, and care should be taken that 
no B-hexosaminidase is present during or after B-roannosldase treat- 
ment. The reaction conditions and sources of the exoglycosidases are 
identical to those described above for Step 1 In the generation of 
SA— >6al —>GlcMAc—>Asn( protein) . 

The methods used to attach galactose to GlcNAcBl— >4GlcNAc— >Asn- 
(protein) and sialic acid to GalBl— >4{3)GlcMAcBl— >4GlcNAc->Asn- 
(protein) are the saro as those described earlier for the preparation 
of awdified glycoproteins containing K-linked SAa2— >3{6)GalBl— >4(3)- 
61 cHAc— >A$n( protei n) • 

C, Hetted for attaching oligosaccharides to fmnglycosylated amino 
acid residues of proteins 

The principal method for attaching oligosaccharides such as 
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SA_>6a1— >G1cHAc— > to non-glycosylated afflino add residues is to 
react an activated glycoside derivative of what is to be tte innemost 
sugar residue, in this case GlcKAc, with the protein and then to use 
glycoayl transferases to extend the oligosaccharide chain. Chenical 
and/or eniywitic coupling of glycosides to proteins can be accws- 
plished using a variety of activated groups, for example, as described 
by Aplin and Wriston in ^ Crit. Rev. Biocheai .. pp. 259-306 (1981). 
The advantages of the chemical coupling techniques are that they are 
relatively sis^le and do not need the complicated enzymatic machinery 
required for natural H-1 inked glycosylation. Depending on the coup- 
ling mode used, the $ugar(s) can be attach arginine, histidlne, or tte 
amino-terminal amino acid of the polyoeptide; (b) free carboxyl 
groups, such as those of glutamic acid or aspartic ^id or the cartK»v- 
tenainal amino acid of the polypeptlac; (c) free sulfhydryl groups, 
such as those of cysteine; (d) free hydroxy! groups, such as those of 
serine, threonine, or hydroxyproline; (e) artawtic residues such as 
those of phenylalanine, tyrosine, or tryptophan; or If) the amice 
group of glutamine. 

As shown below, the aglycone, R, 1$ the chenical moiety that ccm»- 
bines with the sugar to form a glycoside and which is reacted with the 
amino acid to bind tne sugar to the protein. 



- •S(CH2)n-^-K24Cr ; and Rg - -©(CHgln^^^-Nj+cr . 



GlcMAc residues can be attached to the e*am1no groups of lysine 
residues of a nonglycosylated protein by treating the protein with 2- 
1mino-2-metHyo);yetnyl-l-thio-B-N*acety1gTucosam1n1de as described by 




Rj - -SCCHgj^MHj ; 
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StOMll and Lee In Heth. EnzyroT . JS. 278-288 (1982). Other coupling 
procedures can be used as well, such as treataent of the protein with 
a glycoside or thioglycoslite derivative of GlcHAc In %rh1ch the agly* 
cone contains an activated carboj^yllc acid, for example or 1^. 

GlcNAc residues can be attached to the carboj^l groups of aspartic 
acid and glutamic acid residues of a nonglycosylated protein by 
treatsient of the protein with a glycoside or thioglycoslde derivative 
of GlcMAc in irhlch the aglycone contains a free Ml no group, for 
example or R^, In the presence of a coupling reagent such as a 
carbodllmlde. 

Compounds which contain free aialno groups, for exaaple GlcNAc 
derivatives containing the aglycones R^ or R^, can also be used to 
derlvatize the amide groups of glutamlne through the action of 
transglutaminase as described by Yan and Wold In Biochemistry 23, 
3759-3765 (1984). 

Attacfmient of GlcHAc residues to the thiol groups of the cysteine 
residues of a nonglyco^lated protein can be'acconpllshed by treating 
the protein with a GlcNAc glycoside or thioglycoslde In which the 
aglycone contains an electrophilic site such as an acrylate unit, for 
example the aglycones R^ or R^. 

The glycosylation of aromatic amino acid residues of a protein 
with a monosaccharide such as GlcNAc can be accwnplished by treatment 
with a glycoside or thioglycoslde in which the aglycone contains a 
diazo group, for example aglycones Ry or Rg. 

A large number of other coupling methods and aglycone structures 
can be enployed to derivatize a protein with a GlcNAc derivative. 

After chOTical derivatlzation of the protein with GlcNAc residues, 
the tHsaccharide sequence .SAo2— >3(6)6alBl— >4(3)GlcNAc— > 1$ con- 
structed by sequential enzymatic attachment of galactose and sialic 
add residues, as descHbed for Asn-linked GlcNAc residues. 

In other variations, the protein is derivatized with: 
6alBl->4(3)GlcNAc-X, 
GalBl— >4(3)GlcNAcei— >4GlcNAc-X, 
SAa2->3(6)GalBl->4(3)GlcNAc-X, or 
SAa2-.>3 (6 )Gal Bl..>4 (3 )G1 CNACB1->4G1 cNAc-X , 
where X is an aglycone containing a free wrino group, an activated 
ester of a carboxylic acid, a diazo group, or other groups described 
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above. 

The $»w procedures may be used to chefflically atUch galactose, 
rather than GlcHAc, directly to an amino acid. The galactose may then 
be enzyoatlcally extended or capped with sialic acid, as previously 
described. 

D. Gcteration of ttcM1t!««1 protc1n-1 Inked olIrosaccteHdes by elon- 
gation of SldtAc-proteln or Clc«Ac~>61dtAc-prote1n. 

Procedures similar to those used to extend GlcMAc-proteIn or 
GlcMAc— >G1cMAc-prote1n to a protein-linked oligosaccharide reseatling 
tne outer branch of a complex oligosaccharide can be employed to 
construct other carbohydrate structures found on GlcMAc residues 
attached to the terminal mannose units of the core penusaccharide. 

Example 1. Generation of proteins containing repeating units of 
(GlcMAcBl— >3GalBl— >4). After preparation of either GlcMAc-proteIn 
or GlcHAcSl— >461cHAc-prote1n using ttm methods described above* a 
long carbohydrate chain may be generated by several rounds of 
alternating UOP-Gal:Glc«Ac-R Bl— >4 galactosyl transferase and 
UOP-Gl cKAc:6al Bi— >4GlcllAc-R Bl— >3 K-acetyl gl ucosami nyl transferase 
incubations. This will generate a polylactosamlnyl-tyoe structure of 
the typ« (GlcNAcBl— >36alBl— >4)j^ attached to the GlcMAc-protein or 
GlcMAcfll— >461cNAc-prote1n starting material. Kaur, Turco and Laine 
reported in Biochemistry International 345-351 (1982) that bovine 
milk UDP-6al:GlcHAc Bl— >4 galactosyl transferase can transfer the 
Bi—>A-i Inked galactosyl residues to polylactosaminyl oligosaccha- 
rides, and a Bl— >3 K-acetylgl ucosami nyl transferase has been identi- 
fied in Kovlkoff ascites tumor cells by van den Eijnaen et a]^., J. 
Biol . Chem . 258 . 3435-37 (1983). The number of repeating GlcMAc->Gal 
units in the structure can be varied depending on the desired length; 
1-10 such units should suffice for mst applications. The essential 
element Is that, after attachment of the disaccharide units, an 
exposed galactose residue Is present so that tne carbohydrate chain 
can be capped with o2— >3- or o2—>6-l inked sialic acid, as described 
above. Thus, the final structure would be 

SAa2— >6(3)GalBl->4[Glc«AcBl->36alBl— >43^GlcKAc-prote1n, or 

SAa2— >6(3)GalBl~>4[GlcNAcBl— >3SalBl— >43^GlcMAcBl— >4GlcNAc- 

n 
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protein, wtere n Is 1*10. 

The advantages of Introducing such a po1y1actosan1ny1 structure 
Mould be to Increase solubility or to better nask the protein backbone 
to protect It from recognition tor the lennine systen or frooi degrada- 
tion by proteases. 

ExMjple 2 « Generation of glycoproteins containing terminal 

6a101-->4(3)[Fucal— >3{4)61cKAc or 

SAa2— >36a1 Bl— >3 (Fucal -->4 )G1 cUAc 
structures. After preparation of 

6alBl*->4(3)61cNAc-prote1nt 

Gal 81— >3 (4 ) [G1 cHAcSl— >3Ga1 81— >4]^G1 cHAc-protel n . 
Gal8l— >4(3)G1cNAc01*->461cMAc-prote1n. 

Gal8l->3(4)[G1cNAc8l— >3Gal8l— >4]^G1cMAc81->4G1cNAc-prote1n. 
SAoZ— >36a1 81— >3G1 cfiAc-protel n , 

SAa2— >36al8l— >3CG1cNAcBl— >3GalBl— >4]^G1cMAc-prote1n. 

SAE&2-*>36a1 81— >361 cNAcBl— >4G1 cNAc-proteIn or 
SAa2— >3Gal8l— >3[61cKAc81— >3Gal81— >4]^GlcNAc81— >4G1c»2Ac-prote1n 
where n Is between 1 and 10, using the methods described above, a 
fucose can be attached to aror of the acceptor GlcNAc residues by 
treatment with SDF-ruc and a GOP-Fuc: GlcNAc al— >3(4) fucosyl trans- 
ferase. The purification of this fucosyl transferase. Its substrate 
specificity and preferred reaction conditions have been reported by 
Prieels et al In J. Bio^. Chem , 256 . 104456-63 (1981). The activity of 
this enzyro with sialyl ated substrates has been (tescrlbed by Johnson 
and Watkins in Proc. Vlllth Int. Syinp. Glycocbnjugates fl985). eds. 
E.A. Davidson, J.C. wmiaas and K.M. 01 Ferrante. If it is desired to 
attach fucose only In an al-«>3 linkage to the appropriate acceptor 
GlcNAc residues, the GDP-Fuc: GlcNAc ol— >3 fucosyl transferase can be 
used. This tnzym has been described by Johnson and Hatklns in Proc. 
Vlllth Int. Symp. Glycoconjugates (1985), eds. E.A. Davidson, J.C. 
vniiaffls and N.H. 01 Ferrante. 

E. Targeting of glycosylated proteins to specific cells 

Cells with. sugar-sped fie cell surface receptors are able to 
recognize and Internalize glycoproteins bearing appropriate 
carbohydrate stnrctures. The best characterized sugar-specific cell 
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surface r«c«ptor$ are the 6a1 receptor of hepatocytes, the Man/SlcMAc 
receptor of reticuloendothelial cells and the fucose receptor found 
on hepatocytes, lymphocytes and teratocarclnoaa cells. The subject of 
sugar-specific cell surface receptors has been reviewed by Keufeld and 
Ashimll In The Biochemistry of Glycoproteins and Proteoglycans, edited 
by Lennarz, Plenua Press, Hew York (1980), «). 241-266. 

Proteins can be ttrgeted to cells idth sugar-specific cell surface 
receptors by generating glycoproteins that contain the appropriate 
sugar at nonreducing tenalnal jwsltlons. Several procedures are used 
to expose the desired terminal sugars. One procedure. In general. 
Involves the treatrcnt of a native glycoprotein with exoglycosldases, 
as described by Ashwell and Morell in Adv. Enzymol . 41, 99-128 (1974). 
Another prwedure is the attachment of monosaccharides to the protein, 
as descrtbed by Stahl et a^. In Proc. Natl . Acad . Sci . USA 75,^ 1399- 
1403 (1978). A third approach is the attachnent of derivatives of 
oligosaccharides Isolated from natural sources such as ovalbumin, as 
reported by Yan and Wold in Biochemistry 23. 3759-376S (1984). The 
glycosylated proteins tnat are the subject of the present invention 
can be targeted to specific cells, depending on the specific sugars 
attached. 

Gsl ~>G1 cHAc-pro te 1 n , 

Gal — >G1 cNAc— >S1 cNAc-protei n , 

(Gal— >GlcNAc)^— >Gal— >GlcNAc-prote1n and 

{ Gal — >G1 cNAc) ^— >Gal — >G1 cHAc— >61 cMAc-protei n , 
where n 1$ 1-10, are directed to hepatocytes. 

GlcHAc-proteIn, 

61 cltAc-«>Gl cHAc-proteln, 

(SlcMAc— >6apj|— >61clWc-proteln end 

(GlcNAc~>Gal )n~>61«Ac— >GlcNAc-prote1n, 
where n Is 1-10, are targeted to macrophages. Finally, 

Gal — > (Fuc— > )G1 cMAc-protel n , 

Gal — > ( Fuc— > )G1 cMAc— >G1 cMAc-protei n , 

Gal — > (Fuc— > )G1 cHte— >[Gal — > (Fuc— > j^Gl cMAcJ^-protei n , and 

6al— >(Fuc— >)GlcMAc— >[Gal— >(Fuc— >)pGlcMAc]j^— >GlcNAc-prote1n, 

where n is 1-10 and m is 0 or I, are targeted to hepatocytes, lympho- 
cytes and teratocarcinoma cells. One application of targeting is for 
enxyme replacement therapy. For example, glucocerebrosldase can be 
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targeted to aacrophagas for the treataant of fiauclwr's disease. A 
second application 1$ to target drugs or toxins to teratocarclnoma 
cells. 
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The following non-limiting example demonstrates the method of the 
present Invention on a yeast gljrcoprotein possessing multiple high- 
mannose and mannan oligosaccharides. 

Step 1 . Endo H treatiwnt of yeast external invertase. 

Yeast external inverUse is a glycoprotein containing approxi- 
mately tMO high mannose and seven mannan oligosaccharides. External 
invertase of a commercial preparation from Saccharocprces cerevisiae. 
obtained from Sijpa Chem. Corp, St. Louis MO, was purified as de$- 
cribed by Trimble and Haley In J. Biol . Chem . 252, 4409-12 (1977). and 
treated with Endo H essentially as described by Trind>le et al^. In J. 
Biol. Chem . 258 , 2562-67 (19831. The purified invertase was denatured 
by placing a It SOS solution of the glycoprotein in a boiling water 
bath for 5 minutes. The denatured invertase (250 ug) was then incu- 
bated with Endo H (0.3 ug, from Miles Scientific, Naperville IL) for 
20 hours at 37'C in 175 ul of 0.1 M sodium citrate buffer, pH 5.5. 
After Endo H treatment, the reaction mixture was desalted on a Bio-Sel 

column (1 X 10 cm) ecuilibrated and eluted with 50 bK aaraonium 
acetate, pH 6.5. The Mthod of desalting is not critical. Dialysis 
or protein precipitation can also be used. The material eluting in 
the void volume of the column was pooled and lyophillzed. 

Analysis of the Endo K-treated preparation of SDS-oenatured inver- 
tase by S0S-PA6S, snown in Fig. 3c, indicated that the glycoprotein 
had been converted to a form consistent with an Invertase possessing 
only a single GlcNAc residue at each glycosylation site. 

In a parallel experiment, native invertase was treated with Endo H 
in the sam manner as the SOS-denatured invertase. Analysis of the 
desalted reaction product by SOS-PASE, shwn in Fig. 3b, indicated 
that 2-3 oligosaccnaride chains of native Invertase were resistant to 
cleavage by Endo H. To remove exposed mannose residues on the 
resistant chains, 250 ug Endo H-treated invertase was desalted, 
lyophillzed, and inct^ated in 100 ul of 50 mH sodium acetate. pH 5.C, 
containing 50 mM NaCl, 4 b« ZnClg. «nd 20 aOJ of jack bean cwsannosi- 
dase (a gift from Dr. R. Trimble at State University of New York, 
Albany MT) for 17 hours at 37*C. Analysis of the reaction mixture by 
a)S-PA6E, sh<wn in Fig. 3d, deionstrated through a shift to lower 
molecular weight that the o-mannosidase treatment resoved additional 
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Step 2> Galactosyl ation of the Endo H- treated samples of native 
and denatured yeast external Invertase. 

An Endo Retreated staple of denatured yeast external Invertase [65 
ug, containing approximately 15 nmol of GlcRAc— >Asn(prote1n) sites] 
was Incubated at 37*C In 180 u1 of SO nM 2-(N-TOrphol1no)ethanesul- 
fonic acid IKS), pH 6.3. conUlnIng O.K Triton X-100. 25 bM HnCl2. 
1.25 bN (H)P*[^H]ea1 (specific activity, 8 C1/i^l) aitd bovine milk 
U0P-6al:GlcNAc 81— >4 galactosyl transferase (100 8^, Sigma Chem. 
Corp. 9 St. Louis HO). Allquots were rem}ved at selected times and 
analyzed by SOS-PAGE, as shown In Fig. 4. A gradual Increase In appa- 
rent rolecular weight was apparent up to a reaction time of one hour. 
This result was confined by measuring the incorporation of tritium 
Into material preclpltable by 0.5 H KCl/1% phosphotungstic acid, which 
gave the result shown In Fig. 5. 

Nonradlolabeled gal acto^yl ated samples of native and denatured 
yeast external Invertase were prepared as substrates for the slalyla- 
tlon reaction. Endo K->treated denatured Invertase and Endo H plus 
o-mannosldase- treated native Invertase were galactosylated with 
nonradioactive UDP-^1 using the procedures described above. 

Step 3. Slalylatlon of the galactosylated samples of native and 
denatured yeast external Invertase. 

The native and denatured samples of nonradioactive galactosylated 
yeast external Invertase (50 ug of protein) were incubated at 37*C for 
17 hours In 70 ul of 0.1 H Tris-maleate, pH 6.7, containing C.7 % 
Triton X-IOO. 2 mN CMP.C^^C]MeuAc (specific activity, 1.1 C1/oto1) and 
bovine colostrum a?^SA:6alBl— >461cHAc-R a2— >6 sialyl transferase 
[1.1 1^, purified according to Paulson et al^. In J. Biol . Cheas . 252 , 
2356-2362 (ig77)3. The reaction mixtures were analyzed by SOS-PAGE 
and autoradiography, as shown In Fig. 6. The radioactivity associated 
with the Invertase band demonstrates that sialic acid has been at- 
tached to the galactose residues of the Invertase by the o2— >6 
sialyl transferase. 

The following non-limiting example demonstrates the method of the 
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present Invention using cheoical and enxynatlc techniques on a protein 
that Is not glycosylated in its native fore. 

Step 1. Cheoical atUchront of a thioglycoside derivative of 
GlcHAc to bovine serua albioiin (8SA). 

BSA was derivatiied by treatment with 2-ioino-2-oethoxyethyl-l. 
thio-N-acetylglucosasinide by Dr. R. Schnaar at Johns Hopkins 
University according to the prt^edure described by Lee et al^, in 
Biochemistry IS. 3956-63 (1976). The glycosylated BSA contained, on 
the average, 48 lysine-llnked GlcHAc residues per mlecule. 

Step 2 . tolactosylation of 61cMAc^-BSA. 

eicKAc^-BSA (0-9 mg) was inciAated at 37*C for 17 hours in 6(» ul 
of 0.12 M MPS, pH 6.3, containing 0-6% Triton X-IM. 20 mH MnClj. 5 m 
U0P-[^H]6al (specific activity. 1 Ci/mol), I oM galactono-1.4-lactone, 
1 nH phenyl Bttthanesulfonyl fluoride, TPCIC (21 ug). aprotinin (12 
uTIU), leupeptin (0.6 ug), oepstatin (0.6 ug) and bovine miU UOP- 
6al:61cMAc-R Bl— >4 galactosyl transferase. The glycosylated SSA was 
partially purified froa other reaction components by Bio-Sel P-4 gel 
filtration. After measuromnt of the asraunt of radioactivity incor- 
porated into the BSA, it was calculated that 46S of the available 
GlcNAc residues were galactosylated. A second incubation of tne 
galactosylated BSA under identical conditions increased the extent of 
reaction from 46 to 51S* The galactosylated BSA was ourified with an 
anti-BSA antibody co'iimm obtained from Cooper Bimedical, Ftolvem PA. 

Step 3 . Sialylazion of galactosylated BSA. 

The galactosylated BSA (240 ug) was incubated for 16 hours at 37*C 
in 120 ul of 0.1 N Tris-maleate, pH 6.7. containing 3 mH CHP- 
[^*C]NeuAc (specific activity 0.55 Ci/mol) and bovine colostrua 
W-SA:6al0l— >4GlcHAc-R a2— >6 sialyl transferase (2.1 bO)). The 
glyco^lated BSA was partially purified from other reaction components 
by gal filtration. After Masurcsent of the ratio of to radio- 
activity Incorporated into the samples. It was calculated that 42S of 
the Sal— >GlcNAc— >protein residues were sialylated. A second incuba- 
tion of the sialylated BSA with 25 mU of sialyl transferase increased 
the extent of sialylation to SIS. The glycoprotein was isolated by 
inamoaffinity chromatography on an anti-BSA antibody column. 
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Analysis of th€ three glycosylated forms of BSA by SOS-PAffi demon- 
strated a significant Increase in apparent nolecular weight after each 
step of the procedure, as shown In Fig. 7. This evidence conflnns 
that SA— >6al— >SlcMAc— > mletles have been constructed on tne 
protein. 

The following nonllalting exascple desonstrates the differential 
uptake of GlcNAc-BSA and GalSl— >4GlcNAc-BSA by 61cNAc/Han-spec1f1c 
receptors of macrophages. 

House peritoneal macrophages, which possess cell surface receptors 
that recognize terminal GlcMAc and Kan residues, were obtained from 
mice 4-5 days after Intraperitoneal Injection of thioglycollate broth 
(1.5 ml per mouse). The peritoneal cells were washed with Oulbecco's 
modified minimal essential mdlum {WD containing IK fetal calf 
serum (PCS) and plated In g6-we11 tissue culture trays at a density of 
2 X lo' cells per well. After 4 hours the wells were washed twice 
with phosphate-buffered saline (PBS) to remove nonadherent cells. The . 
adherent cells rwaining in the wells were used for uptake experiments 
with GlcRAc-C"^l3BSA and 6alfll->4GlcMAc-L"^l3BSA which had been 
radiolabeled with ^^^! by the chloramine T method. The radiolabeled 
protein preparations were added at a concentration of C. 1-1.2 ug/ml co 
100 ul of OME containing lOX FCS and 10 mM HEPES [4.{2.hydroxyetnyl )- 
l-piperazine ethanesulfonic acid], pH 7.4. Parallel exoeriments were 
run in the presence of yeast mannan (1 mg/ml) to measure nonspecific 
uptake of the glycosylated BSA samples. The cells were incubated with 
the susples for 30 mi n at 37*C and then washed five times with PBS to 
rCTOve residual protein not taken up by the cells. The washed cells 
were dissolved in 200 ul of 1% SDS and the radioactiviV determined. 
Nonspecific uptake (CPH in the presence of yeast mannan) was subtrac- 
ted from the total uptake (Cra in the absence of yeast mannan) to 
determine Kan/61 cNAc receptor-specific uptake by the mouse peritoneal 
macrophages. 

The specific uptake of G1cHAc-[^^^l3BSA and GalBl— >4GlcMAc- 
[^^^I]BSA Is presented as a function of BSA concentration in Fig. 8. 
The results d»onstrate that GlcNAc-BSA, but not GalBl— >4GlcNAc-BSA, 
Is recognized end endocytosed by muse peritoneal macrophages. 
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The fbllotrtng non-1 ioiting example deoonstrates the differential 
uptake of Ga1fll~>461cHAc-BSA and SA«2->6SalBl->461cMAc-BSA by 
galactose-speelfic receptors of hepatooa cell line HepGZ. 

Sasples of GlcMAc-BSA and Gal~>eicHAc-BSA wre radiolabeled with 
by the chloraalne T aethod. HepSZ cells were cultured In DUE 
containing lOX fetal calf lenin. Uptake experlnents were perfonaed on 
cells plated In 35 n tissue culture dishes at approximately 701 
confluency. The cells were washed with protein-free medium and 
incubated with 1 ml of OME containing 20 oM HEPES. pH 7.3. containing 
cytochrome c (0.2 mg/oD and 0.5-7.5 pg of GalBl~>461cMAc-C I]BSA 
or SAo2~>66al8l->4SlcMAc-C*^^nBSA. Parallel experiments were 
performed in the presence of nonradioactive aslalo-orosomucoid (0.2 
og/ol) to determine nonspecific uptake. The cells were Incubated with 
the radiolabeled protein solutions for 2.5 hours at 37*C In a Si COj 
atmosphere, and then rinsed five times with chilled PBS containing 1.7 
m Ca**. The washed cells were solubtlired with 1 ml of 1 M MaOH/10-. 
SOS. Separate aliouots were used to measure radioactivity and the 
amount of protein per culture dish. It 1$ assumed that the amount of 
protein in each dlsn is proportional to the number of cells. Non- 
specific uptake (CPM in tne presence of aslalo-orosomucoid) was 
subtracted from tne total uptake (CPM In the absence of aslalo- 
orosomucoid) to detenaine the galactose receptor-specific uptake by 
the Hep62 cells. 

The galactose receptor-specific uptake 1$ shown as a function of 
glycosylated BSA concentration in Fig. 9. The results demonstrate 
that GalBl->461cMAc-BSA, but not SAo2->6SalBl->«lcHAc-BSA, is 
recognized and endocytosed by Hep62 cells. 

The following non-limiting example dawnstrates the method of the 
present Invention on a maanallan glycoprotein having one oligosaccha- 
ride chain of the highnunnose type. 

Step 1. Deglycosyl ation of ribonuclease B, a glycoprotein having 
a single high-mannose olij^saccharide. 

native ribonuclease B (490 iig). obtained from Sigma Chen. Corp., 
St. Louis KO, and further purified by concanavalln A affinity chroma- 
tograpny «s described by Baynes and Wold in J. Biol . Chen . 251. 6016- 
24 (1976) was incubated with Endo H (50 mU. obtained from Genzyme 
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Corp., Boston MA) In ICQ yl of 50 bM sodlio acetate. pH 5.5. for 24 
taurs at 37'C. SDS-PAK indicated coop! cte conversion of the glyco- 
protein to a form containing a single GlcMAc residue. The modified 
ribonuclease B t^s desalted <m a Bio-Gel ?6K colismi and the ribonu- 
clease fractions were freeze-dried. 

Step 2. Salactosylation of Endo treated ribonuclease B. 

En<to H- treated ribonuclease B (4M ug) was incubated for 3 hours 
at 37* in 250 pi of 0.1 H »ES, pH 6.3, containing O.K Triton X-100, 
0.01. H F&iClg. IM «^ bovine milk UOP-Gal :GlcMAc-ll 81— >4 galactosyl- 
transferase and 300 nrol UDP-T^HlGal (specific activity 17.3 Ci/naol). 
The galactosylated ribonuclease was analyzed by FPLC on a Kono S 
column. A linear gradient from 20 nH sodium phosphate. pH 7.95 to 20 
8d4 sodium phosphate containing 1 H NaCl was run. The galactosylated 
ribonuclease eluted at a MaCl concentration of 0.13 H. The protein 
peak measured by UY absorbance (Ajgo' coincided with a peak of 

radioactivity, as shown in Fig. 10 ( o o ). The protein peak eluting 

at 0.13 M NaCl was collected and analyzed by SOS-PAGE. The only 
protein band detected after staining with Coomassie blue co-migrated 
with Endo H-treated ribonuclease B (not shown). 

Step 3. Slalylation of galactosylated ribonuclease. 

A 40 ul aliquot of the reaction mixture from Step 2 was mixed with 
10 pi of 6.5 m CMP-NeuAc and 10 ul of rat liver CMP-NeuAc:6a'»-R 
a2— >6 sialyl transferase (1.6 ndJ, obtained from Genzynm Corp.. Boston 
KA) and incubated at 37'C for 18 hours. The sialyl ated ribonuclease 
was analyzed by FPLC on a Ftono S colimin using the conditions described 
in Step 2. The slalylated ribonuclease eluted at a KaCl concentration 
of 0.18 K, as Judged by the profiles of both Aggo radioactivity- 
The profile of radioactivity is shwn in Fig 10. (a— A). The con- 
version of Gal— >GlcHAc-RMAse to SA— >Gal— >RMAse appeared to be 
quantitative. 



* 
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Although this invention has been described with reference to 
specific eBftodinents, it is understood that oodifications and varia- 
tions of the nethods for uodifying or glycosylating proteins, and the 
glycosylated proteins, may occur to those skilled in the art. It is 
intended that all such modifications and variations be included within 
the scope of the appended claisis. 
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Table I . Oligosaccharide Specificities of 
Endo*B*ll^cetyl gl ucosasi ni dases 



Imym and Susceptible K«l inked oligosaccharides (Ref.) 

Source 



Yeast mannans, all high-raannose oligosac<* (1,2) 
charides, and hybrid oligosaccharides. 
(The tnzym requires an al-*>3*l inked 
mannose residue attached to the al-«>6 
sannose residue of the Man3GlcNAc2 core 
and we have found that the enzyne is not 
inhibited by an al— >6 linked fucose 
attached to the inneraost GlcNAc residue.) 

Certain high-oiannose oligosaccharides. (3) 
(Similar to Endo H except that it will not 
cleave substrates if the mannose linked 
al— >3 to the B*l inked niannose is substituted 
at*C*4 with another sugar or if the 6-1 inked 
nannose residue is substituted with a Bl— >4« 
linked GlcNAc residue.) 

Kan. cGlcNACp, with or without a fucose (4) 
resiBOe linked al— >6 to the innermost 
Glc^iAc residue 



NanGlcKACj (5) 



Kigh-mannose and biantennary ccsnplex 16) 
( Flavobacterium ol 1 gosaccnari des 
nmningoseoticun) 



References: 

1. Tarentino et al., Heth . Enzymol . 50, 574-580 (1978). 

2. Tai and KoHta, Biocnem .' ^ioDnys. 'Tes. Comtmm . 78, 434-441 (1977). 

3. Kobata, Meth. Enzyaol . 50. 56r-574*Tr97gy: 

4. HuramatsTv^^rtnrww^ 50 , 555-559 (1978). 

5. Triable et aTTT 0. Biol. dtSa. 254, 9708-13 (1979). 

6. PlMwr ef aT., 3. BToT. tHS. 10700-4 (1984). 



Endo H 

( Streptccyces 
pllcatus ) 



Endo Ctt 
( ClostMdium 
pertnngens ) 



Endo D 
( Diplococcus 
pneiOTontae ) 

Endo L 

(S. plicatus ) 
Endo F 
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He data: 

1. A Mthod for BOdifyliq • gljrcoproteln co^Hsfi^: 
attaching a galactose residue to a core M^acetyljlucosamine to 

fora a Ga1*G1cHAc set^fence; and 

attaching a sialic acid residue to the galactoM to fortn a 
eal-GlcKAc se^ei^e. 

2. The TCthod of claim 1 further cwnprising first cleaving 
asparagine-l inked oligosacchaHde chains of the glycoprotein to remove 
all sugars other than core K-^cetyl glucosamine residues bound to the 
glycoprotein. 

2. The method of claim 2 wherein the oligosaccharide chains are 
cleaved by an endoglycosidase. 

4. The method of claim 3 wherein the endoglycosidase is selected 
from the group consisting of endo-B-«-acetylglucosam1n1dase H, endo-B-r; 
K-acet/lglucosami'nidase F, endo*0-K-acetylglucosamin1dase Cjj, endo-B- 
n-acetylglttcosfirinidase D, endo-B«N^acetylg1ucosam1nidase L. and 
combinations thereof. ^ 

' The method of claim 4 further comprising cleaving 0-Hnked 
oligosaccharide chains with an enzyna selected from the group 
consisting of o-mannosidase, ento-a-M-acetylgalactosaminidase, and 
combinations thereof* 



6. The method of claim 1 further comprising cleaving Q-1 inked 
ol igosaccharlde chains with an mzym selected from the group 
consisting of o-mannostdase» endo«a-M-acetylgalactosaffl1nidase, and 
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cooblnatlons thereof. 

7, The aethod of clain 2 wherein the oligosaccharide chain Is 
cleaved by digestion with an exoglycosldase. 

8. The method of clala 7 wherein the exoglycosldase Is selected 
froo the group consisting of slalldase, o-mannosida$e, B-mannosldase, 
o-galacto$1da$e, B-galactosldase, a-fucos1dase, e-hexosaffl1n1dase» and 
c(»ri)inat1ons ■ tlwreof . 

g. The method of claim 6 wherein the oligosaccharide chains are 
sequentially cleaved by: 

1) digesting the glycoprotein with o-mannosldase to removp 

o-mannose residues; 

2) digesting the product of step 1) with B-roannosldase to 
remove B-mannose residues. 

10. The method of claim 9 further comprising digesting the 
glycoprotein with an additional enzyme selected from the group 
consisting of exoglycosldases and phosphatases. 

11. The method of claim 10 wherein. the product of step 2 Is 
digested with B-hexosam1n1dase. 

12. The wthod of claim 2 wherein the oligosaccharide chains are 
cleaved by sequentially digesting the glycoprotein first with an 
exoglycosldase and secondly with an endoglycosldase. 

13. The method of claim 12 wherein the oligosaccharide chains are 
cleaved by 

1) digesting the glycoprotein with o-mannosldase to remove 
a-mannose residues; and 

2) digesting the product of step 1) with an enaoglycosldase 
selected frm the group consisting of endo-B-M-ace^lglucosam1n1dase L 
and endo«B-N-acetylglucosam1n1dase D. 

14. The method of claim 12 for modifying glycoproteins wherein the 
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oligosaccharide chains are cleaved by digesting the glycoprotein with 
en enzyoe selected froo the group consisting of sialidase, 
o-galactosidase, B-galactosidase, e-hexosafflinidase, o-fucosidase, and 
combinations thereof followed by digestion irtth an enzyme selected 
froa the group consisting of endo-B-M-acetylglucosaalnidase D and 
endo-B*M-acetylglucosa1nidase F. 

15. The Bethod of clala 2 further ccasprising cleaving high-aannose 
oligosaccharide chains with o-mannosidase to remove sannose residues- 

16. The method of claio 2 wherein the oligosaccharide chains are 
cleaved by chemical treatmnt. 

17. The method of claim 16 wherein the oligosaccharide chains are 
cleaved with a cwapound selected from the group consisting of trlfluo- 
romethane sulfonic acid and hydrofluoric acid. 

18. The method of claim 1 further conprislng first producing the 
glycoproteins in cells In the presence of a glycosldase Inhibitor. 

.19. The nmthod of claim 18 wherein the glycosldase inhibitor Is 
selected froa the group consisting of deoxymannojirlnycin, 
swainsonine, castanospenalne and deoxynoilrliqycln. 

20. The method of claim 1 further cwnprislng first producing the 
glycoprotein In cells with one or more mutations in the oligosaccha- 
ride processing pathway • 

21. A method for modifying proteins comprising: 

derlvatlzing amino acids on the protein with a glycoside or 
thioglycoside S-X, wherein S is a first saccharide selected from the 
group consisting of N^acetyl glucosamine and galactose and X ^s an 
aglycone, and en^^ymatically attaching a second saccharide selected 
from the group consisting of galactose, N-acetyl glucosamine, fucose, 
and sialic acid. 

22. The method of claim 21 wherein said aglycone comprises an 
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activation group selected froo the gmip consisting of an activated 
carboxyllc acid; a free «q1no group; an electrophlllc site; and a 
diazo grouping. 

23. The eethod of claim 21 comprising reacting a glycoside or 
thioglycoslde having an aglycone containing an activated carboxyllc 
acid with an amino acid of the protein selected from the group 
consisting of lysine, arglnlne, histldlne, the aalno-tenalnal amino 
acid of the protein; and other amino acids containing free amino 
groups. 

24. The imthod of claim 21 comprising reacting a glycoside or 
thioglycoslde having an aglycone containing a free amino group with an 
amino acid of the protein selected from the group consisting of 
glutamic acid, aspartic acid, the carboxy-termlnal amino acid of the 
protein, and other amino acids containing free carboK/l groups. 

25. The method of claim 21 conprlslng reacting a glycoside or 
thioglycoslde having an aglycone containing an electrophlllc site with 
an amino acid of the protein selected frcmi the group consisting of 
cysteine and other amino acids containing free sulfhydryl groups. 

26. The method of claim 21 comprising reacting a glycoside or 
thioglycoslde having an aglycone containing a free amino group with an 
amino acid of the protein selected from the group consisting of 
hydroi^prollne, serine, threonine, and other amino acids with free 
hydroxy! groups. 

27. The method of claim 21 comprising reacting a glycoside or 
thioglycoslde having an aglycone containing a diazo grouping with an 
amino acid of the protein selected from the group consisting of 
phenylalanine, tyrosine, tryptophan, and other aromatic amino acids. 

28. The Bttthod of claim 22 comprising reacting a glycoside or 
thioglycoslde having an aglycone containing a free amino group with 
glutei ne using a transglutaminase. 
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29. The eethod of claln 21, wherein the first saccharide is 
GlcKAc, and wherein said enzymatic attachment cooprlses: 

attaching a galactose residue to the h-acetyl glucosamine to 
form a 6al-G1cMAc-*> sequence; and 

attaching a sialic acid residue to the galactose to fona a 
SA-fia1-61clUc-^ se<^nce. 

30. The method of claim 21, wherein the first saccharide is 
galactose, and wherein said enzymatic attactoent comprises: 

attaching a sialic acid residue to the galactose to form a 
SA-Gal setiuence. 

31. The method of claim 1 or 29 wherein the galactose residue is 
attached to the N-acetyl glucosamine residue by a 
galactosyl transferase. 

32. The method of claim 31 wherein the galactosyl transferase is 
selected from the group consisting of UOP-Gal:GlcHAc-R 61— >4 galac- 
tosyl transferase and UDP-Gal:GlcNAc-R Bl— >3 galactosyl transferase. 

33. The method of claim 1 or 29 wherein the galactose is attached 
to the N-acety1glucosffline by: 

1) incubating UOP-Gal :GlcHAc-R Bl— X galactosyl transferase 
with the derivatized protein to attach a terminal galactose to the 
GlcflAc; 

2) incubating tne product of step 1 witn UOP-GlcMAc:- 
GalBl— >4GlcMAc-R Bl— >3 M-acetylglucosaminyl transferase to attach a 
terminal GlcNAc to the terminal galactose; 

3) Incubating the product of step 2 with UOP-Gal : 61 cKAc-R 
l«->4 galactosyl transferase to attach a terminal galactose to the 
terminal GlcMAc; and 

4) repeating steps 2 and 3 until an oligosaccharide chain 
(GalBl— >4GlcMAcBl— >3)jj units, wherein n is between 1 and lC,is pro- 
duced* 

34. The TCthod of claim 1 or 29 or 33 further comprising attaching 
fucose to a Gal— >GlcNAc— > sequence. 
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35. The Bethod of clale 34 wtierefn the fucose Is attached to the 
6a1*61cKAc— > sequence tdth a}P*Fi^:G1cNAc al— >3 fucosyl transferase. 

36. The method of clalo 1 or 29 further comprising attaching the 
galactose residues to the N-acetyl glucosamine In a solution contalnlr^ 
a non*1on1c detergent, a chaotropic agent, an organic solvent, urea, a 
protease Inhibitor, an exoglycosldase Inhibitor, a disulfide bond 
reducing agent, or a combination thereof. 

37. The eethod of clalo 1 wherein the sialic acid residue Is 
attached to the 6a1-&1cNAc sequence In an a linkage by a 
sialyl transferase. 

38. The nethod of claim 37 wherein the sialyl transferase Is 
selected from the group consisting of CHP-SA:Gal81— >4GlcNAc-R 82— >6 
sialyl transferase, CKP*SA:Gal81— >3(4)GlcNAc a2— >3 sialyl transferase, 
and CHP-SA:GalBl— >4GlcMAc o2— >3 sialyl transferase 

39. A offithod for targeting a protein to a cell having a specific 
surface receptor for a saccharide, said metnod comprising: 

attaching to the protein an oligosaccharide chain, said 
oligosaccharide chain having an exposed saccharide and a Gal-*>GlcNAc 
sequence, 

wherein said exposed saccharide is recognized by the cell 
surface receptor and said oligosaccharide chain is attached to the 
protein with a Gal— >GlcNAc sequence. 

40. The method of claim 39 wherein the oligosaccharide chain is a 
di saccharide consisting of Gal81-->4 GlcNAc. 

41. The method of claim 39 wherein the oligosaccharide chain is a 
branched oligosaccharide selected from the group of 
GalBl->3(4)[Fucal->4{3)]GlcNAc. SAa2->3GalBl->3{Fucol-.>4)GlcMAc, 
GalBl— >3(4)[Fucal-->4(3)]GlcNAc8l— >4GlcHAc, and 
SAo2-'>3Gal 81->3{Fucal->4)Gl cHAcBl— >461 cMAc. 

42. A protein comprising an oligosaccharide sequence consisting of 



* 
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any of 



GalBl— >461cKAc*->; 

SalBl— >361cKAc— >: 

SAoZ— >6aal 61-*>461 cNAc— > ; 

SAo2— >3Sa1 Bl— >4G1 c«Ac— > ; 

SAii2— >36fl1 B 1-*>3&1 cKAc-*> : 

6al 61— >4 ( Fucal— >3 ) Gl cMAc— > ; 

Gal Bl— >3 (Fucal — >4 )G1 c«Ac— > ; 

SAo2— >3Ga1 Bl— >3 ( Fucal— >4 )G1 cWAc— > ; 



GalBl— >4G1 cMAcfll— >4G1 cNAc— >; 

Gal Bl— >3G1 cMAcfll — >4G1 cHAc— > ; 

SAa2— >6Gal 6 1 -«>4G1 cNAcBl — >4G1 cMAc*-> ; 

SAa2— >3Ga1 Bl— >461 cNAcBl— >4S1 cNAc— > ; 

SAa2-*>3GalBl— >3u1cNAc81— >4GlcNAc— >: 

Gal Bl — >4 ( Fucal— >3 ^ GLcNAcBl — >4G1 cNAc— > ; 

Gal Bl—>3 (Fucal— >4 )G1 cNAcSl— >4G1 cMAc— > ; 

SAo2— >3GalBl— >3(Fucol— >4)GlcNAcBl— >4GlcRAc— >; 

[GlcMAcBl— >3to1Bl— >4]^61cNAc— wherein n Is between 1 and 10; 
[GlcHAcBl— >36alBl— >4]„G1cNAcBl— >4GlcNAc-->, wherein n Is between 1 
and 10; 

GalBl— >4CGlcNAc8l— >3GalBl— >4]^GlcNAc— >, wherein n Is between 1 and 
10; 

GalBl— >3CGlcNAcBl— 3GalBl— >43^GlcMAc— >. wherein n is between 1 and 
10: 

SAa2— >6Gal B1->4[G1 cHAcBl— >3GalBl— >4]j,G1 cNAc— > , wherein n 1 s 
betireen 1 and 10; 

SAo2— >3GalBl->4[GlcMAcBl— >3GalBl— >4]pGlcKAc— >, wherein n Is 
between 1 and 10; 

SAa2— >3GalBl— >3[GlcHAcBl— >3GalBl— >4]„G1cMAc— >, wherein n Is 
between 1 and 10; 

GalBl— >4(Fucol— >3)GlcMAcBl— >3[GalBl— >4{Fucal— >3LG1cMAcBl— >33,- 
GalBl— >4G1cHAc— >» wherein o 1$ between 0 and 1. and n Is between 
1 and 10; 
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6al81— >3(Fucol~>4)GlcWlc8l-->3[6alBl-->4{Fucal-.>3)„61cHAc8l^>3]^- 
GalBl**>461cilAc-«>, wtmrefn m Is between 0 and 1» and n is between 
1 and 10; 

SAa2*->36alBl**>3(Fucal-->4)G1cNAcBM3[6alBl— >4G1cMAc6— >3]„. 
6a1Bl-*>4G1cNAc— >• wherein n Is between 1 and 10; 

Gal Bl— >4[G1 cHAcBl->3Gal B 1— >4]^G1 cMAcB 1~>4G1 cHAc— > , 

wherein n Is between 1 and 10; 
GalBl— >3[GlcMAcBl->3GalBl-o4]^G1cHAcfll-.>4G1cMAc-.>, 

wherein n Is between 1 and 10; 
SAa2— >6GalBl— >4[S1cNAcBl— >36alBl— >4]^G1cHAcSl— >461cHAc— >, 

wherein n Is between 1 and 10; 
SAa2*->3&a1 B 1— >4CG1 cKAcBl-*>3Ga1 61— >4]^G1 CilAcB 1— >461 cNAc— > . 

wherein n Is between 1 and 10; 
SAa2— >3GalBl— >3CfilcNAcBl— >3GalBl— >4]pGlcMAcBl— >4G1cKAc— >. 

wherein n Is between 1 and 10; 

GalBl— >4fFucoi-.>3)G^cMAcBl-•>3[Galfll-->4{Fucol.->3)^6^cMAcBl•->33n- 
6a1 B1-*>4S1 cNAcBl — >4G1 cNAc*-> , 

wherein o Is oetween 0 and 1« and n Is between 1 and 10; 

GaTBl— >3(Fucal— >4)GlcMAcBl— >3[GalSl— >4(rucai—>3)(jGlcHAc61— >3]„- 

GalBl— >4G1cKAc6l— 4G1cNAc*->, wherein o Is between 0 and 1, and n 

Is between 1 and 10; 

SAa2-->3GalBl— >3(Fucol— >4)GlcNAc61— >3C6alBl— >4GlcNAcB— >33 . 

n 

GalBl— >4G1cMAcBl— >4G1cNAc*->, wherein n Is between 1 and 10; 

43. A protein comprising an oligosaccharide sequence consisting of 
any of: 

(GlcMAcBl— >36al61->4)^GlcHAc61— >36a1-o. 

wherein n Is between 1 and 10; 
SAa2->6GaUo; 

SAa2-.>6GalBl->4(GlcMAcBl— >3GalBl->4)^GlcNAcBl— >3Gal, 

wherein n Is between 1 and 10; 
SAb2— >3Gal— >; and 

SAo2-.>3GalBl->4(GlcNAcBl— >3GalBl— >4)^Glc*JAcBl->3GaU->, 
wherein n Is between 1 and 10. 

44. A glycosylated protein coo^rislng Gal'-GlcWc-protein, wherein 
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ttw Gal Is attached to the SlcMAc by an tnzyme selected froo the group 
consisting of UDP-6al :GlcNAc-R Bl— >4 galactosyl transferase and HOP- 
Gal:61cMAc-R Bl— >3 galactosyl transferase. 

45. A glycosylated protein comprising SA-6al-ClcMAc-protein, 
wherein tte SA is attached to t»w tel by an enzyae selected from tne 
group consisting of CKP-SA:6alBl— >4filc«Ac-R o2— >6 sialyl transferase; 
CMP-SArSalBl— >3(4)GlcMAc-R a2— >3 sialyltransferase; and W-SA:- 
GalBl— >4GlcKAc-R o2— >3 sialyltransferase. 
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FIG. 5 



wo 87/05330 



PCT/US86/00495 



4/9 




cmamrwi dtj/au 

FIG. 8 



15 
10 



1 



I 























r 1 1 


1 



gnAe-Seh6IefAe-B5A 



0 / 



4 $ 

COBCEKTRATIOK (pf/aU 

FIG. 9 



wo 87/05330 



5/9 



PCr/US86/0049S 




FIG. 10 
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